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PROCESS FOR THE PRODUCTION OF BIOLOGICALLY ACTIVE PROTEIN 



The present invention relates to a process for the preparation of biologically active, dlmerf c, TGF-p (Trans- 
forming Growth Factor type p). to novel TGF-ps, and pharmaceutical compositions comprising it TGF-p pro- 
duced according to the invention can be used for the promotion and acceleration of wound healing and bone 
5 and tissue repair, the treatment of cancer, as a bone n)amow protective agent, mediator of cardtoprotection, 
anti Inflammatory or tonmunosuppresshfe agent or as a growth regulator in mammalian cell cultures. 

Background of the invention 

10 Two growth modulating proteins have originally been characterized by their abDHy to reversibly induce 
phenotypic transformation of mammalian cells in vitro and have therefore been designated as Transforming 
Growth Factors type a and type p (Anzano, MA et al. (1983) PNAS 80, 6284-6268). Despite their common 
nomenclature TGF-a and TGF-p have shown to be both structurally as well as functionally entirely distinct pro* 
teins each acting through Its own unique receptor system. TGF-a which competes witti epidemial growth foctor 

IS (EGF)for binding to ttie same cell surface receptor (Todaro, G J. et al. (1980) PNAS 77, 5258-6262) and which 
shares sequence homologies and similar acthn^ with EGF (Marquardt; H. et al. (1984) Sdenoe 223. 1079- 
1082) is synthesized as a transmembraneous precursor of 159 amino acids and is protedytically processed 
Into a peptide of 50 amino add residues (Derynck, R. et al. (1 984) CeD 38, 287-297). As a potent mlb^en for 
mesenchymal cells, TGF-a is produced and released by numerous transfonmed cell lines and human cancers, 

20 but is also expressed in activated macrophages and in ottier nomial tissues, thus making its role in neoplasia 
stm undear. 

TGF-p was originally purfffed to homogeneity from human platelets (Assoian, R.K. et al. (1983) J. Biol. 
Chem. 258, 7155-716D), human fdacenta (FroUk, C.A. et al. (1983) PNAS 80» 3676-3680) and bo\dne kidney 
(Roberts, A.B. et al. (1 983) Bk>chemistry 22, 5692-5698) and identSied as a homodlmeric protein with a mdecu- 

25 lar mass of 25.000 D. Rrst characterized by its abDity to act syneiglstically witii EGF or TGF-a to induce an- 
chorage-independent growtfi of untransformed NRK cells, reoenfly, TGF-0 has been shown to exhibit numerous 
regulatoiy effects on a wkJe variety of bti&i normal and neopiastte cells Indicating the importance of tMs protein 
as a mun^ctional regulator of cellular activity. TGF-p may ^ther stimulate mitogene^ cell proliferation and 
growtti, or ma^ effectively inhibit said processes, or may exhibit other actions like e^. control of adipogenesis, 

30 myogenesis, chondrogenesis, osteogenesis und immune ceR function, stimulation of chemotaxis, or induction 
or inhibition of differentiation depending upon the cell or tissue type, and tiie presence or absence of other 
growth factors. Many of the actfons of TGF-p are related to the response of ceils or tissues to stress or injury, 
and to the repair of resultant damage. After inflammation, TGF-^ plays the major role in the formation of granu- 
lation tissue, increases the expression of genes associated with extracellularmatrixfonnation such as fibronec- 

3S tin, collagen and several protease inhibitors and stimulates coUagen-matrix contraction by fibroblasts, 
suggesting its possible role in connective tissue contraction (Roberts, A. and Spom, M.B. (1988) Adv. Cancer 
Res. 51, 107-145 ; Spom, and Roberts, A. (1989) J. Amer. Med. Assoc. 262, 938-941). 

Unto now, three distinctfypes of TGF-ps designated as TGF-pi, TGF-p2 and TGF-p3 which are functionally 
dosely related and share a high degree of receptor cross-reactivity have been doned and characterized 1^ 

40 sequence analysis. All TGF-ps are synthesized as 390 to 412 amino add precurs<»s that undergo proteolytic 
deavage to produce the mononneric forms, which consist of the C-terminal 1 12 amino adds. In their mature, 
biologically active fomis, TGI=»ps are add- and heat^-stable disulfide-linked homodlmers of two polypeptide 
chains of 1 12 amino acids eadi. The complete amino add sequences of human (Derynck, R. et al. (1 985) Nat- 
ure 316, 701-705), murine (Derynck, R. etal. (1986) J. Biol. Chem. 261, 4377-4379) and simian TGF-pl (Shar- 

45 pies, K. etal. (1987) DNA 6, 239-244) show remarkable sequence conservation, differing only in a single amino 
add res'due. Comparison of the anrtino add sequence of human TGF-pi, human TGF-p2 (de Martin, R. et al. 
(1987) EMBO J. 6, 3673^77 ; Marquardt, H. et al. (1987) J. Bid. Chem. 262, 12127-12131) and human TGF- 
P3 (Ten Dyke, P. et al. (1988) PNAS 85. 471&4719) has d^fnonstrated ttiat ttie tiuBe proteins exhibit in ttieir 
mature forms about 70-80% sequence klentity. A heterodimeric TGF-pl.2 has been isdated finom pordne 

so piatd^ and consists of one subunit of TGF^I disulfkie-liiiked to one subunit of TGF-P2 (Cheifetz, S. et al. 
(1987) Cell 48, 409^15). 

Rjecentiy, attempts have been undertaken aiming to produce TGF-ps by means of recombinant tediniques 
ratiier ttian isolating these fiactors from natural sources (ag. platelets) in order to obtain suffident amounts for 
testing In various therapeutic modalities. However, it has proven to be extr&ndy difficult to synthesize reconv 
55 binant TGF-p while retaining its bk>Iogical activity. As can be seen from tiie sequences depicted In the sequence 
fisting under SEQ ID No. 1, 2, and 3, ttie 112 amino adds containing mature fomns of TGF-pi, TGF-P2 and 
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TGF-P3 contain 9 cysteine residues each, at least some of which are involved in intrachain and interchain dis- 
ulfide bond formation which resuHs in the complex ferfiary stiuchire <tf the t&)k)gically active, dlmericmolecules. 
Heterologous expression of TGF-p may lead to a product which, although having the oorrect primary sbucture, 
faDs to Idd properly to produce the correct secondary or tertiary structures and which, therefore, lacks the 

5 biological activity. 

To date, the secondary and tertiary structures of T6F-ps are unlcnown. 

Taldng the complaxily of the native TGI=-p molecules Into account, it has generally been consldmd expe- 
dient to express the respective TGF-p genes in ceDs derived from higher organisms. The expression of simian 
and human TGF-p1 in Chinese hamster ovary (CiHO) cells underthe control of the SV40 promoter Is described 

10 in European Patent Applications 293.785 and 200.341 , respectively. Recombinant TGF-p2 could be expressed 
in the same ceil line as disclosed in Eumpean latent Application 268.561 and in German Oflenlegungsschrift 
38 33897. Eukaryotic expression of a fusion protein of TGF-p3 (with TGFf 1) is disclosed in European Pafpnt 
Appiicatksn 267.463. 

Although express of reoomtrinantT6F-ps can be achieved in eukaryotic ^sfesms, the yields of bioiogl- 

15 caiiy act^e, oorvecfly folded materiai obtained are still farftam being satlsfectoiy. On the otherhand, ftseemed 
unlikely that biolc^teally active TGF-^ could be obtained when the respective gene was expressed in a mkaobiai 
tiost, since in e.g. bacteria the Intracellular conditions are not conducive fo refUding, disulfide bond formation 
and disuKkle-stabilized dlmerizatton which is apparently essential activity. Thus, only very little biologically 
active TGF-p2 could be obtained after expression of the respective gene in E. ccrii under the control of the 

20 lambda promoter as described in European Patent Application 268.561. This lack of activity is conskJered to 
be due to thefect, that the biologically active, dimericfomi of TGF-p2 fails to form spontaneously from tiie mono- 
meric primary translatkui product when exposed to the reducing environment Inside the bacterial cells. Another 
report describes the expression of TGF-p cDNA in E.coli under the control of the trp promoter yielding a radioao- 
threly lat)elled protein l>and with an apparent molecular weight of 1 3'000 D in an autoradiogram of a SDS pdyao- 

2S rylamkie gel, but no acfivify was measured (Urshizaki, Y. et al. (1987) Tumor Res. 22, 41-65). 

When recombinant proteins are produced at Mgh levels in bacterial (such as E.ooli) cocpreeston systems, 
they often appear in the form of h^hV insoluble intracellular predpHates referred to as induston bodies or ref- 
ractile bodies (Brems, D.N. etal. (1985) Biochemistry24, 7662) whteh can be recognized as bright spots visible 
within ttie enclosure of the cells under a phase contrast nrticroscope at magnifications down to 1000 fUd. These 

30 inciusk>n bodies, which can readily be separated from the soluble bacterial proteins, contain the recombinant 
(m>tein In a mostiy denabffed and reduced form which does not exhibit the functional activity of its natural coun- 
terpart and whteh therefore is useless as a conHnerdal product 

It Is therefore generally agreed, that the recombinant refiractile protein has to be solubilized under conditions 
which are sultaUe in maintaining It in its denatured form and subsequently has to be refolded in order to undergo 

35 the transition from the denatured unfolded form to the proper, functionally active three-dimensk)nal stmcture, 
the oonfbnnation cf which is stabilized by relative weak interatomic forces such as hydrogen bonding, 
hydrophobic interactions and charge interactions. In the case of cysteine containing proteins this process may 
also involve formation of disulphide bonds. When the fiDrmafion of disuifkle bonds is chemteaHy promoted, the 
fbnmation of incorrect intramolecular and, in the case of dbneric or muitimeric proteins, intermolecular bridges 

40 should t>e prevented or at least minimized, since the formation of undesked, incorrectly folded isomers may 
yield non-homogenous material, ttius complk»ting ttie furttier purifteation of tiie protein having the desired 
structure, or may generate a protein with reduced actiwty. 

A number cf publications have appeared which report refolding attempte for incfivkiual proteins produced 
in bacterial hosts, or which are otherwise in a denatured or non-native form. Fonmation of a dimeric, bk3logk:ally 

45 active human colony stimulating fattar-^'i (CSF-1) after expression in E. coll is desoibed In PCT Appltoation 
Na 88/8003 and by Halenbeck, R. et al. (1989) Btotechnology 7, 710-715. The procedures described involve 
the steps of initial solubilization of CSF-1 monomers isolated from inclusion bodies under reducing conditions 
in a chaotropic envoronment comprising urea or guanidine hydrochloride, refolding which is achieved by step- 
wise dBution of the chaotropto agents, and final oxidation of ttie refbkled molecules in tiie presence of air or a 

so redox-^ystem. In PCT Application No. 88/8849 a process for recovering reoorribinant Interleukln-2 (IL-2) Is disr 
dosed, charaderized bi that 0.-2 Isolated firom retractile bodies is d«iatured under redudng oondltions witti 6 
U guanidhie hydrochkiride, the soluble ILr2 is oxidized by a controlled oxklization in the presence of Cu^ tons, 
and the oxMized IL-2 is refolded by reducing ttie concentratkm of the denaturant in the sdufion. interieukin-2 
and interferon-p (I^N-p) have been refcdded using SDSfbrsohibllization and Cu^ tons as oxidation promoters 

55 of thefully reduced proteins (US Patent Na 4.572.798). The processforlsolating recombinant refiracfile proteins 
as described in US Patent No. 4.620.948 involves strong denaturing agents to solubilize the proteins, reducing 
conditions to faciTrtate correct folding and denaturant replacement in the presence of air or other oxidizing 
agents to reform ttie disuifkto bonds. The proteins to which sakl process can be applied include urokinase, 
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human, bovine and porcine growth hormone, interferon, iisstie-fype plasminogen activator, FMD coat protein, 
prorennin and the src protein. A method for renaturing unfolded proteins Induding cytochronr^e c, ovalbumin 
and trypsin inhibitor by reversibly binding the denatured protein to a solid matrix and stepwise renaturing it by 
diluting the denaturant is disclosed in PCX Application No. 8G/5809. A modified monomeric fomn of human pla- 

5 telet-derived growth factor (PDGF) expressed in E.coli is S-sulfonated during purification in order to protect 
thiol moMes and is dimerized in the presence of oxidizing agents to yield the active protein (Hoppe» J. elt ai. 
(1989) Biochemistry 28, 2956). 

The toegoing refierences are merely representatives df a huge amount of literatiare dealing with the refold- 
ing of non-naOve proteins derived Irom different sources. The man sidlled in the art on the other hand knows 

10 thatthe success of refolding experiments cannot be predicted. Unsuccessful ttcpe ri ments are usually not repor- 
ted. There is no certainty that anyone of the reported refolding conditions would woitc at sdl with a given denat- 
ured protein such as TGF-p. Considering tt)e fact, that T6F-p is a dimeric protein containing 9 cysteine residues 
per diain and a numt)er of IntranDolecular as well as intermolecular disulfide bonds, which are required for 
activity, it is a partlculariy difficult challenge to produce biologically active TGF-p from its monomeric, denatured 

15 or othervnse non-native foim. Nowhere in the literature is a sp^iftc process described for the preparation of 
biologically active dimeric TGF-p from its non-native fomit 

Obfectof the invention 

2D it Id the object of the present Inventidn to provide a process for the production of biologically active, dimeric 
TGF-p-IIke protein torn its denatured orothenivise non-native famu This object Is achieved by the unexpected 
finding that considerable amounts of the desired dlm^'c product can be obtained when the monomeric form 
of said protein is subjected to refolding conditions. Surprisingly, the production of the active dimer is achieved 
under various conditions in a one step procedure which is superior over the multi step procedures described 

25 in the prior art for the refolding of other proteins. 

DetaPed description of the invention 

The present invention relates to a process for the production of a dimeric, biologically active Trans f orming 

30 Growth Factor type p (TGF-p)-like protein, comprising subjecting the denatured, monomwic form of said TGF- 
p-like protein to refolding conditions. 

The tenn TGF-p-like protein" is intended to embrace TGF-pi,TGF-p2 and TGF-pS of mammalian such as 
human or animal origin, e.g. simian, murine, poroine, equine or bovine, as well as heterodim^c TGF-ps con- 
sisting of two diffierent sutninits of 112 amino adds each. Further included wittiin the definition are growth- 

35 regulating protelnsof the TGF-psuperfam3y sharing a sequence homologyof at least about 25% with TGF-pi, 
TGF-P2 or TGF-p3, such as a T cell suppressor factor from human glioblastoma celts (GTsF ; Wrann, M. et 
aL (1987) EMBO J. 6.1633-^1 638), a growtii Inhibitor isolated from conditioned medium of BSC-1 monkey kidney 
cells (potyergin ; Holley. R.W. et al. (1980) PNAS 77, 5989-5992 ; Rtetow, H J. (1986) PNAS 83, 5531-5533) 
a cartHage-lndudng peptide isolated from bovine bone (CIF-B ; Seyedin, S.M. et al. (1987) J. Bid. Ch^. 262, 

40 1946-1 949). TGF-P4 from chicken embryo chondrocytes (Jakowlew, S.B. et al. (1988) Mdecular Endocrinology 
2, 1186-1195) and TGF-§5 from Xenopus-ljaevis (Kbndaiah, P. et al. (1990) J* Btol. Chem. 265, 1089- 1093), 
as well as firagmente and mutente of the above mentibned proteins reteining tiie biological activity. Further 
Induded witiiln the definition of TGF-p-like protein" are two fonns of inhibin and ttiree forms of activin (gonadal 
proteins that regulate pituitary secretion of foUide stimulating hoimone), MuHerian Inhibiting substance (MIS, 

45 which inhibite the development of the Mullerian duct in mammalian male embryos), bone morphogenic proteins 
(BMP, a group of potypeptides invdved in the Induction of cart3age and bone formation), the transcript from 
the decapenteplegic gene complex of DrosophDa (dpp, which acts to contrd morphogenesis In the fly emt>ryo), 
Vg-1 (the product of the Xenopus transcript which is present in the vegetal pole of oocytes), and Vgr-1 , a relate 
mammalian gene (Mason, A. et al. (1986) Bbchem. Biophys. Res. Commun. 135, 957-984 ; Cats, R. et al. 

so (1986) CeU 45, 685-698 ; Wozney, JJ\^. et al. (1988) Science 242, 1528-1534 ; Padgett, R. et al. (1986) Nature 
325, 81-84 ; Weeks, D.L and Melton, DA. (1987) CeU 51, 861-868 ; Lyons, K. etal. (1989) PNAS 86, 4554- 
4558). 

Preferred TGF-^Hce proteins are human TGF-^I (Derynck, R. et al. (1985) Nature 316, 701-705), human 
T6F-P2 (Marquardt, H. ^ al. (1987) J. Bid. Chem. 262, 12127-12131) and human TGF^ (Ten DIJKo, P. et 
S5 al. (1988) PNAS 85, 471&4719) witti tite amino add sequences depicted in the sequence listing under SEQ 
ID ISIa 1, 2 and 3, respectivdy. 

Bidogically active TGF-^-tike proteins are originally defined as being capat)le of indudng anchorage-inde- 
pendent growtti of untransfbrmed cell lines (Tucker, R.F. etal (1983) Cancer Research 43, 1581-1586) or inhibl- 
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ting growlh of neoplastic target oeUs (Rot)erts. A.B. et al. (1985) PNAS 82, 119-123). -Biological activity- for 
the purpose herein is defined as eUier 

(a) the cell migration promoting activity on nomial Balh/c 3T3 fibrol)lasts, which can be measured by oounl- 
ing the number of ceUs ttiat mgrate wto a %vounded- monolayer culture of said cells, In the presence of a 

5 serum-flee medium containing the TGF-p-like protein, as compared to tiie number of cells that nSgrate in 
the absence of ttie TGF-f-like protein, or 

(b) the growth promoting acOvHy on normal Balb/c 3T3 fibroblasts detennlned by the stimulalory dfect of 
tiie TGF-^ike protein on celhilar DNAsyntitesis and cell division, 

(c) ttie growtti inhibition of A375 melanoma ceils determined by a coiorlmetrical assay which reflects tiie 
10 number of ceUs treated wHh ttie TGF-p-ffl® protein for a given culture period as compared to tiie number 

of non-treated oelle, 

(d) ttie accelerated healing of partiid-thickness bum wounds, by a processof re^ltiielialization, in old mice 
following multiple topical appHcations of tiie TGF-^ike protein as compared to untreated control wounds, 

(e) tiie accelerated healing of fuD-thickness Incisional wounds, as d^enmined by tensOe strength meas- 
15 urements and the histcrfog tedl analyses of blc^es, in adult rats fbHowIng dngle to^ applications of tiie 

TGF-p-iace protein as compared to untreated control wounds, or 

(f) tiie increase m formation of fibrous granulation tissue, togettier witti a marked increase in vascularis of 
ttie said tissue, botti In and around porous wound-chamber implants In adult rats follcwing multiple local 
injections of ttie TGF-p-like protein Into the chamber as compared to untreated control chambers. 

20 ThemonomericfbmioftfieTGF-p-IDce protein can be produced by means of recombinant DMA technology 
or synttietically by mettwds wen known in ttie art The dimeric fonn is ttie mature, biologically active mdecule 
consisting of two disulfide-linked polypeptide chains. 

The monomer is subjected to riding conditions which allow ttie recovery of ttie blologicaily active dimer. 
This process does not involve ariy change m tiie primary structure (ue. the amino add sequence) of the mono- 

25 mer. but relates to ttie fonnation of ttie ttiree-dimen^onal contomiation of ttie dimeric product which s 

vritti the btological acttvt^. This process indudes ttie fbrmatton of disulfide bonds and the associ- 
atton of monomers Into dimerte struchiras. 

Before being subjected to refolding conditions, the monomeric T6F-p-like prot^ has to be present in a 
denatured fLO. unfolded) fbrni. Capable of effiectiveiy denaturing prolans are so-called chaotropic agents weH 

30 known in ttie art, which, in aqueous sdution and in suitable concentrations change ttie spatial confi^ratibn of 
ttie respective protein ttvough alterations at ttie surface ttiereof, either through altering tiie state of hydration, 
ttie solvent environment, or ttie solvent-surface interaction. Examples of such chaotropic agents or denaturante 
indude urea, guanidine hydrochlorkie, sodium ttikicyanate at concentrations in ttie range of about 4 to about 
9 M, and detergents such as 5DS, which are supplied in concentrations in ttie order <a 0.01 to 2 percent Also, 

55 ackimcation of ttie aqueous ^ution containing ttie TGF-^ike protein to a pH of about 2 to about 4 as weU as 
basic conditions of ag. pH 10 and above and elevated temperatures will result in denaturation of ttie monomer. 

The term "Refolding conditions* refere to buffer conditions wherein the denatured monomer is permitted to 
assume a conformation associated witti ttie biotagical activity. Conventional buffer systems such as Tris, phos- 
phate orctaate buffere can be used at a pH of about6 to about 10. Under refolding conditions Intra- and interc- 

40 hain disulfide bond fbnration Is promoted. Such oondffions indude ttie presence of a sdubOizihg agent and a 
redox system which permlte the continuous oddation and reduction of ttie ttild/disulfide paks. The buffer sys- 
tem may additionally contein suitable salts. 

Suitable solubilizing agents are detergents, preferably mid detergents, organic, watemiisdble sohmnts, 
or phospholipids or a mixture of two or more such agents. 

4S Detergents are surface active compounds, such as SDS, Triton or Tween, used in a concentration permit- 
ting folding of ttie TGF-p-l>ke protein. Preferred aremfld detergents which permitfolding of the monomeric TGF- 
p-like protein into the spatial conformation which after dimerization Is assodated w'rth ttie bidogical activity, 
whOe retaining said monomer in a sduble fomn. Mfld detergents, which solubHize TGF-p-Iike proteins wittiout 
inactivating tiiem can be non-ionic (e.g. digftonin), cationic (e.g. ^4-P,a^ioleylQ)v>•propyI^N,N,^^trimettlylarr^- 

so monium ; DQ^unes, N. ^ (1989) Biochemistry 28, 917M184) or anionic (e.g- sodium chdate, sodium 
deoxycholate) or zwHteribnic ones (e.g. suKbbetaines fZwIttergent), 3-(3-chlolamidopropyl)dimettiylammonlo- 
l-propane-suWbnate (Chaps), 3-(3K*lolamidopropyl)dimettiylammonk>-24iydro)qh 
(Ghapso)). They are present in ttie refolding buffer at a concentration of about 1 to 100 mM, especially in the 
range <^aO to 60 mM. Preferred detergente are ttie zwitter-ionic detergente 3-{3-chldamidopropyl)dimettiylam- 

55 monio-1-propanesulfonate and 3-(3-chldamidopropyl)dimettiylammonio-2-hydrQxy^1-propanesulfonate. Most 
preferred is 3-<3K:hlolanrudopropyl)dlniettiylarnnionio-1-propanesulfonate. 

Organic, water-mlscible solvente can replace the detergent in ttie refolding buffer. Sudi sdvente are, for 
example, ac^itrile, lower alkanols. espedally C2-C4 alkands such as ettiand or isopropand, or tower alkan- 
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cfids. especially Cz-C^ alkandiols such as ethylene-glycol, at a concentration range of 10 to 50 percent per 
volume. 

Altematively, phospholipids can replace the detergent orthe organic, water-miscjble solvent In the refolding 
buffer. Such phospholipids are, for example, phosphatidylethanolamlne, phosphatidylcholine, phosphath 
5 dylserine and phosphatidylinositole at a concentration range of 0.1 to 5 mg/m! as well as synthetic phospholipid 
derivatives or variants such as dihexanoylphosphatidylcholine ordQieptanpylphosphatidylchoiine in the same 
concentration rsuige. 

Suitable redox systenos which encourage the formation of cfisuHides are e.g. tow molecular weight suHhyd- 
ryl/disulfide reagent combinations such as ghiiathione In its oxidized and reduced fbrm, dithiothreitol in its 

10 oxidized and reduced fbrm, p-mercaptoethanol orp-mercaptomethanol in its <8d(fized and reduced fbnnn, cystine 
and its reduced fonn, and cystamine and its reduced form at a concentration <^ about 1 to 100 mM, especially 
of about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced fbrm is between 100 : 1 and 1 : 
100, espedally between 8 : 1 and 1 : 6. 

The preferred sulfhydryl/dlsulfide redox system Is ghitathbne in its oxidtzed and reduced fbrm. 

15 Altemativety, thioredoxln or disulfideisomerase at a concentration range of about 1 0 to 1 000 |ig/ml, espe- 
cially of about 50 to 200 fig/ml can be used instead of the low molecular weight sulftiydryl/disulflde reagent com- 
binations. 

Salts whteh can be used in the refblding buffer include salts of Na^, U^, K^, H\U*f Mg^^, C^, or Mrl^ with 
Ch, P"* Br, HCCV, SO^^, phosphate, acetate, cyanate or rhodanid, or other altedi m^ai- or aDcaline ear- 
20 thmefal-halogen or pseudohalogen compounds at a concentration ol up to 3 M. Preferred is NaCl at a concen- 
tration of 1 to 2 M. 

The invention particularly relates to a process for the production of a dimeric, biologically active Transform- 
ing Growth Factor type p-like protein, comfHising subjecting the denatured, moncmtericform of said TGF-p-like 
protein to buffer conditions comprising a low nrKilecular we^ht suifhydryl/disulftde redox system In the presence 
25 of a solubDizing agent at a pH of atKXit 6 to at>out 10 and a temperature of alxnit 0*C to about 37^. Preferatily, 
the pH is about 8.0 and the temperature is about 4^C. 

In a pte^ened embodiment the sulfhydryt/disutflde redox system is glutathione in its <»cldized and reduced 
fomn at a concentration of alKxit 1 to 1 0 mM, wherein tiie molar ratio of the a}ddized and the reduced form is 
1 : 1 to 1 : 2, and the wealc detergent is 3-(3-chfolaniidopropyl)dlnriethylannrKmk>-1-propanesulfonate at a oon- 
30 oentrationofabout30mMtoabout60mM. 

Particularly, the production of a dimeric, biologically active TGF-p-lilce protein is performed in a one step 
procedure, wherenn tfie monomer of said protein is dissoh/ed in tfie refolding buffer and the reaction mbdure 
incubated for 2 to 400 hours at 4"^ whfle refolding and dimerization continuously take place. The protein con- 
centration during the refolding reaction is of considerable importance since wfien being too high, the mononners 
35 might undergo sut>stantial aggregation leading to the fom^on of undeslred higher-order oligomers. Final 
yields of dimeric product are increased. If the protein concentration is less than at)out2mg/ml, a concentration 
range of 0.01 to 0.5 mg/hrtl is preferred. 

Optionally, to further promote disulfide formation, an effective amount of an oxidation promoting agent con- 
taining Cu^ns (such as CUCI2, Cu(N03)2 or o-phenantiiroline/Cu^ coniplexes) or Fe^ ions (such as FeCl3 
40 or Fe^S04)3) might be added to the refolding buffer. An effective amount Is the amount which at mlninnjm vnll 
be necessary to conduct ttie oxidation of suKhydryl groups wittiin a oonvenfent tbne period and which is 
approximately equivalent to the concentration of finee sulfhydryl groups in the TGF-^-iike protein which are des- 
tined to be invohred in fbnrning the desired disulfide bonds. Preferable amounts range between 0.01 to 100 pM. 

Furthemiore, 02or air may optionally be bubbled tiirough the refolding buffer either In the presence orabs- 
45 ence of oxidation promoting agents. Oxidation may also be performed using I2 QKsarbeu B. et al., 1980, Helv. 
63, 899-915) or Benzochlnon derivatives (Kamber, B. PCT appl. WO 89/01484). 

Sulfonation of proteins can be used to deave disulfide bonds and to blodcthe resulting thiol groups. Mono- 
meric TGF-p-like proteins can optionally be S-sulfonated and thereby be fvevented to become oxidized before 
being exposed to the refolding conditions. S-sutibnation is performed using sodium sulfite in the presence of 
so a reducing agent such as cysteine, resulting in the reversible protection of thiol resMues as S^ulftmates. Under 
refolding conditions, the protection §msps are removed the excess of the sutfhydryl/disuHlde redox system 
and dimerization occurs spontaneously. 

The invention relates furtfierto a process for tiie production dz dimeric, biologically active TGF-p4il(e pro- 
tein. In which ttie nwnomeric form of said TGF-p-ilke protein is produced by tiie steps of : 
55 (a) culturing a microbial host comprising a nucleotide sequence encoding ttie TGF-^-llke protein liniced in 

the prop^ reading frame to an expression control sequence such that said protein is expressed, 

(b) recovering tiie TGF-p-like protein in a denatured, monomeric, scduble fonn, 

Suiteble miorobial hoste are yeast strains as Saccharomyces cerevlslae or bacteria such as Escherichia 
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cdi or Bacillus subtais. 

Microbial hosts comprising a nucleotide sequence encoding the TGF-p^ike pnitBin linked In the proper 
reading frame to an eo(pression control sequence can be prepared by recombinant DMA techniques which are 
well known In the art and whteh comprise the steps of 
5 - preparing a hybrid vector comprising a DMA sequence encoding the TGFf-l to protenn under the e3q>- 

ression control of a suitable expression control sequence, 

- transforming said microbial host with said hybrid vector, and 

• selecting transfonned mk»3blal host cells lirom untransfomned host ceDs. 

The nudeotkie sequence coding IbrTGF-p-like proteins such as mature human TGF-pi , TGF-P2 orTGF-p3 

io are known (Derynck. R. et al. (1985) Nahjre 316. 701-705 ; Marquardt, H. et aL (1987) J. Bid. Chem. 262. 
12127-12131 ; Ten DijkB, P. etal. (1988) PNAS 85. 471&4719) and can e.g. be chemically synthesfeed by 
methods known in the art Altematlvdy, cDNAs encoding TGF-p^to proteins can be prepared after isolation 
of the respective mRNA firom TGF-fMike protebis producing mammalian cells. Expression control sequences 
are promoter sequences which ensure the effective expresskm of the TGF-^to protons. 

IS The seledkmofa suitable vector is d^erndned by the microbial hostcell provkledforthetransfbrmation. 
Examples of vectors that are suitable fbr the expresskm of the TGF-^ika protein In an E. coil strain are 
bacteriophages, fbr example derivathres of the bacteriophage K or plasmids, such as the plasnM pBR322 and 
tts derivative pPLMu. Suitable vectors contain a complete replicon and a marker gene, which renders possible 
the selection and identilicafion of the microc»rganisms transformed by the expression plasmkis by means of a 

20 phenofype feature. Suitable marker genes impart to the microorganism, Ibr example, resistance to heavy met- 
als, antibk>tics such as ampldllln or tetracydin, and the Ito. 

Several promoters can be used for regulating the expresskm of TGF-p-like proteins in £.0011 EspectaUy 
promoters of strongly expressed genes are used. Suitable promoters are the E^arijl lac, tac» trp and Ipp prom* 
oters, furthenmm the phage XN or the phage XpL promoter, and others. 

25 Vectors suitable fbr r^naUon and expresston in S. cerevisiae contain a yeast-repOcation origin and a 
seiecltve genelk: maricer for yeast HybrM vectors that contain a yeast replteafion origin, fbr example the 
chromosomal autononrKMJsly replicating segment (ars), are retained extrachromosomally within the yeast cell 
after trans fo rma ti on and are replicated autonomously during mitosis. Also, hyl>rid vectors that contain sequ- 
ences homologous to the yeast 2 \i plasmM DNA can be used. Such hybrid vectors are integrated tiy reccm- 

30 bination \n2\i plasmids alrsady present wShin the cell, or replh:ate autonomously. Suitable marker genes for 
yeast are espectally those that impart antibiotic resistance to the host or, In the case of auxotropMc yeast mut- 
ants, genes that complement the host lesk»is. Corresponding genes frnpait, for ^cample, resistance to the artii- 
biotic (^oheximide or pro^e for prototrophy in an auxotrophic yeast mutant, for example the URA3, LEU2, 
HIS3 orthe TRPI gene. 

35 Promoters suitable for expresston In yeast are, for example, those of the ADHI, ADHII. cy PHOS gene, and 
also promoters involved in glycolysis, for example the PGK or the GAP promoter. 

Optfonally, signal sequences whteh allowthe secretion of the TGF-p-like protein can be included in the exp- 
resston vector. Suitable signal sequences are e.g. derived from the yeast acid phosphatase (PH05) or the yeast 
Invertase gene. 

40 The transformed nUcroblal hosts are cultured In a liquid medium containing assimDatable sources of carbon, 
nitrogen and inorganic salts, applying methods known in the art 

Various carbon sources are usable. Example of preferred carbon sources are assimilable carbohydrates, 
such as glucose, maltose, mannttol, tructose or lactose, or an acetate such as sodium acetate, which can t>e 
used either alone or in suitable mbdures. Suitat)!e nitrogen sources include, for example, amino ackis, such as 
45 casamino adds, peptides and proteins and their degradation inducts, such as tryptone, peptone or meat ext- 
racts, furthermore yeast extract, malt extract, com steep liquor, as well as ammonium salts, such as ammonium 
chloride, sulphate w nitrate wtuch can be used either alone or in suitable mbdures. Inorganic s^ts which may 
be used include, for example, sulphates, chlorides, phosphates and carbonates of sodium, potassium, ntag- 
neslum and cdlchim. Additionally, the nutrient medium may also contain growth promoting substances. Sub- 
so stances whk:h promote growth include, for example, trace elements, such as iron, zinc, manganese and ttie 
lite, or indlvkiual amino adds. 

The monomeric TGF-p-lito protein is recovered firom the microbial host cells by m^hods well known bi the 
art These methods Include lysis or mechanlcai disruptton of the cells in order to release the desired protein, 
foDowed by the separatfon of the TGF-p-lite protein from the host cell proteins, e.g. by predpltalton andfor 
55 chnxnatographlc means. 

In cases where the monomeric TGF-p-l9ce protein is produced In ttie microbial host cells as an Insduble 
aggregate Cmdusion body) It has to be sdubOized before being exposed to the refolding conditions. Accordingly, 
the present Invenfion further relates to a process wherein the monomeric TGF-p-like protein is produced by 
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the steps of : 

(a) teolating the water-insoiut)le protein fraction containif^ the TGF-p-like protein from the host ceils and 

(b) soIubOizing the TGF-p-iike protein. 

Solubilization and denaturation of the monomer is achieved by acidification of the crude protein suspension 
5 containing the monomeric TGF-p-like protein in the non-soluble form to a pH of about 1 to about 4, preferably 
to aboutZ^, optionally In the presence of a reducing agent, such as DTT, or by the addition of chaotropic agents, 
prefiBrabiy guanidlne HCI or most preferably urea, in a concentration of about 4 to 9 M, basic pH or elevated 
fenq^eratures as descrltved before. The sohibilized monomer can be purified firom solubllizing chaotropes 
cfialy^ and, ff a precipitate occurs during dialysis, by additional centrHugafion. The sdubilized monomer is 
io chromatographically purified and used for refolding to get the biologically active, domeric product 

After refolding, the biologically active dimer is purified in order to remove Impurities, In particular, pyrogens 
or other endotoxins which might t>e present in the preparation after production of the recombinant protein in 
microbial host ceDs. Separation of the dimer is performed by chromatography such as sizing gel 
chromatography, hydrophobic Int^ctlon chromatography or Ion exchange chromatography, e.g. on a Mono 
16 S column and reverse phase HPLC. 

The present invention further relates to dimeric biologically active T^=^il(e proteins when produced 
according to the process of tiie invention. These TGF-p-liica proteins can be used in a variety of therapeutic 
modalities. 

The invention relates fiirther to a monomeric, S-suHbnated TOF^Doe protein, which can be produced by 
20 Sulfonating the m o n o meric TGF^ice protein. Monomeric, S^sulfonated TGF^Bce proteins are novel com- 
pounds, wtdch can be used for the production of biologically active, dbneric TGF-p-IOce protdns. 

The present invention concems further a pharmaceutical composition ccnnprising an effective amount of 
a dimeric biologically active TGF-p-like protein produced according to ttie Invention, or a phannaceutically 
accepteble salt thereof In dosage unit form. 
25 Such composition is in the form of infusion solutions or preparations for parenteral, for example intramus- 
cular or Intravenous, oral, or especially for local, Le. topical, administration, respectively. Tiie solutions are pref- 
erably isotonic aqueous solutions or suspensions which can l>e prepared before use, for example from 
lyophflised preparations which oontein tiie active ingredient alone or together witti a pharmaceutically accept- 
able cairier. Solutions for parenteral use are usuaJly aqueous solutions. Th^ are prepared in conventional man- 
so ner and ma^ contain in addition to the active ingredient physiological saline, a stebflizer, such as human serum 
albumin, an^no adds, such as arginine or glycine, and a cartx)hydratB, such as glucose, mannose, dextran or 
hydraxyettiyl starch. The pH may be adjusted witii a buffer. e.g. a phosphate, succinate or an amino add to 
about 4J5 to 7. Usually the vials are filled with the sdution and lyophBized for longer storage. 

The compositions contein conventional adjuncts, for example preservatives, stabBis^s, wetting agents 
X and/or emulslfters, solubllisers, salts for regulating the osmotic pressure and/or buffers. The present phar- 
maceutical conpositions, which may, if desired, contain further pharmacdogically valuable substances, are 
produced in a ntanner known p^ se, for example by means of conventional mbdng, dissolving, lyophQising 
and/or sterilising processes, and contein from approximately 1 ng to 100 pg/g, espedallyfrom approximately 
10 ng to 10 pg/g of preparation, and in the case of lyophflisates up to 100%, of the active Ingredient 
40 The TGF-p-like proteins are dual in character m that they on ttie one hand stimulate the proliferation of 
certain cell types, namely fibrobiaste, and on the other hand inhibit the proliferation of ottier cell fypes, namely 
tumor cells and cells of ttie immune system. 

The dimeric, bidogically active TGF-p-like proteins produced according to the invention, optionally In the 
form of their satts, such as in particular non-toxic pharmaceutical add addition salts, optionally in fom of pilar- 
is maceutical formulations, are applied in an effective amount By the form "effective anraunt" is Intended an 
amount which exerts a significant healing, e.g. an amount which stimulates the desired cells to grow and which 
Is not toxic to normal cells. This anK>unt can be determined «.g. by in vitro growth experimente. Due to the dual 
character of TGF-^-IOce proteins, an "effective amountf* Is also such which to a signfficant extent Inhibite ttie 
^owth and proliferation of tumour cells and cells of the immune system. If human or veterinary use Is intended, 
50 the amount has to be adjusted to the particular tissue to be treated, the mode of application, ttie severity of ttie 
disease, and the age and general condition of ttie patient to be treated. In general, ttie eittier single or daily 
dosages for adult humans wll be bi the range of about 0.01 toaOpsforbottithegrowttistnnulatingandttie 
inhibiting effect 

The pharmaceutical composition of ttiis invention have a dinlcal use h the treatment of arnmais, partlculariy 
55 mammals, more particulariy human beings, and, in the case of wound healing, most particulariy of old human 
beings. 

The compositions of this invention promote cell migration and proliferation. Since wound healing Invdves 
both cell migration and cell proliferation patterns these in vitro fuidings become directty relevant to ttie In vivo 



8 



i 



EP0433225A1 

wound healing process. 

Prevention or trealnient df bed sores (decubitus ulcers) is a pr^isned use since th^ ftequently occur In 
hospOd patients, parfoulariy geriatric and wlieel chair patients. In ekteriy people the wwnd heaiii^ process 
is slower and this group of patients tends to show a higher incidence of wounds (not only decubitus and diab^ 
5 ulcers, but traunia, bums and the ISce) that either heal slowly or do not heal at all 

Two types of application of the compositions of this invention are proposed for both veterinary and, in par- 
ticular, human medicine. 

The first, and preferred applicatbn is a topics one for the promotion of surface wound healing, particularty 
in elderty human beings where the wound healing processes are noticeably slower. There are no ronltations 

10 as to the ^/pe of wound that may be treated, and these include (but are not limited to) : Surface ulcers Including 
decubital (bed sore), diabetic, dental, oral, varicose and teenK)phOlac surface ulcers ; bums (espedalty second 
and third degree) ; surgical incisions (including those of dental and cosmetic surgery) ; accidental wounds 
Ondudtng incisions, penetrations, lacerations and other traumata) and therapeutically induced wounds (includ- 
ing those biduoed during radiotherapy). When applied topicdlly, the compositions may be comtrined with other 

15 hgredtent8,8ucha8a(9uvant8,carriers,8dubI]izingagentsandanyotherknG^ 

growth fiacb>r(s). There are no limitatidns as to the nature of these ingredients e»»pt that they must be phar- 
maceutically and physiologically acceptable for admlnistraSon and must not degrade the activSy, or render 
hamtfully toxic, the active ingredients of the compositjons. When the oomposftions of this invention are applied 
to surface ulcers, bums, surgical or accidental wounds, the compositions are preferably in the form of a powder , 

20 gel, ointment, sahre or irrigant, or they may t>e Impregnated into transdermal patches, plasters and bandages, 
preferably in a liquid or semMiquidfomri, or they rnay be Incorporated into a tooth paste or a gum or resin for 
chewing. 

The second application is a systeniic one fbr the healing of intemal wounds either following surgery, or 
damage to the tissues of the inner organs where surgery is either impossible or is not required. Again, there 

25 are no IMtations as to the type of tissue or wound to be treated and these include (but are not lamited to) deep 
surgical incisions to the inner organs and tissues ; bone and cartilage (after liracture) ; gastric, Aiodenal and 
other Intestimd ulcers. When implied systemicaily, the compositions of the inventbn may be fDrniulated as 
Kquids, pais, tablets, lozenges for enteral administration, or In liquid form for parenteral injection. For the treat- 
ment of Intemal indsions following surgery, they may be in the form of an inigant, preferably in combination 

30 with a physiologically acceptable saline solution. Again, the acthra ingredients of the compositions may be com- 
bined with other Ingredients such as adjuvants, carriers, solubSlzing agents and any other known, or as yet 
unknown, secondary growth factor(s). There are no limitatfons as to the nature of these ingredients except that 
they must be pharmaceutteaOy and ph^iologlcally acceptable for admlnistFation and must not degrade the 
activity, or render hamrrfully toxic, the active ingredients of these compositions. 

35 For healing the wounds, the amount of active ingredient to be applied has to be adjusted to ttie type, severity 
and focatfon of the wound, and also to the age and general condition of the patient to be treated. In general a 
single or daSy amount of from about 1 ^g to 20 pg of TGF-p-like protein per 1 crn^ of wound has already a sig- 
nificant healing effect For intemal use a h^her amount should be applied depending on ttie mode of admini- 
stration due to the dSution of the TGF-p-lika protein in the body flukls. 

40 Further uses of the TGF-p-like proteins produced according to the inventbn are in bone and tissue repair, 
treatment of cancer in mammals, as an antHnfiammatory or lmmunosuppressh» agent, as a growth regulator 
in mammalian cell cultures or as a bone marrow protective agent or mediator of cardtoprotection. 

Examples 

45 

The following examples illustrate the invention wittiout being meant to be limitative. 
Example 1 : Ctonin^ and sequencing of T(a^1, TGF-P2 and TGF-fi3 cPfsIA 
so A. Culturingof celis 

Human glioma cells from the Ci-215 line (de Muratt, B. et al. (1985) Eur. J. Cancer Clin. Oncd. 21. 207) 
are grown in tissue culture flasks (Falcon T75) containing Dulbecco's Modified Eagle Medium (DMEM, Gibco) 
and 10% foetal calf serum. 

55 

B. RNA extraction 

1 X 10» cells from tiie CI-215 human glicuna cdl line are harvested and Dounce homogenized in 30 ml 5% 
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citricacid with 0.2% (wAv) NP40 detergent at 4''C. The nudel are separated fi^ cytoplasm kiycentiffugation 
at 2.500 rpm for 10 minutes at 4*^0 fn a SorvaO RT 6000-B table centrifuge. The supernatant is centrifuged at 
15.000 rpm for 30 minutes 814"^ in a SorvaO RC 5-B centrifuge fitted with a SS-34 rotor. The resulting super- 
natant is discarded and the pellet is resuspended in 30 ml 0.2 M TRIS/HQ (pH 7.5), 5 mM EDTA, 2% SDS, 

5 25.000 unlts/l Heparin (Sigma), and then extracted 3 times with phenoi/chlorofbnn (1:1, v/v), the chlorofonnn 
consisting of 24 parts chlorofcnm and 1 part Isoamylalcohol (v/v). To the final aqueous phase 1 volume 3 M 
sodium acetate (pH 5.0} and 2.5 volunnes ethanol are added. The ethanol predpilate is washed twice with 70% 
ethanoL The RNA peHet Is nesuspended in 2 ml 1 0 mM TRIS/HCI (pH 7.5), 1 mM EOTA, 0.05% SDS. Polyadeny- 
lated RNA is isolated by olfgo-dT cellulose chromatography as described tiy T. Maniatis In "Molecular Cloning : 

10 A Laboratory Manual. Cold Spring Haxbor Laboratory, New Yoric (1982)". 

C. Synthesis of cDNA 

The first strand cDNA is synthesized from 10 |ig of poly A* RNA in 100 iilof asolutton containing 50 mM 

IS TRIS (pH 8-3), 50 mM KQ, 1 0 mM MgQa, 1 mM DTT, 30 jig/m! digo-dT 1 2-18, 1 mM each dATP, dCTP, dGTP 
and dTTP, 50 units RNase inhibitor (Promega) and 1000 units of Moloney Leukaemia Virus reverse transcrip- 
tase (Giboo-BRL). The reaction is incubated for 1 hour at 37^0. The reaction is then diluted to 400 pi with a 
second strand buffi^r oontaining 20 mM TRIS/HCi (pH 7.5), 5 mM MgOii 100 mM KCL 1Z5 units RNase H (Gib- 
co-BRL) are added and the reaction mbdure is incubated for 1 0 rrtinutes at 37^. The reaction inb^ 

20 on toe Ibr 5 minutes and 125 units of E.coli DNA polymerase I (Promega) are added. The reac8on mbcture is 
then Incubated fbr a further 2 hours at 1 6%. 40 pi 0.5 M EEJTA m added foflowed by a phenol/ichlorofonm (1 : 
1, v/v) exbaction. To the aqueous phase, 1/1 0 volume of 3 M sodium acetate (pH 6.0) and 4 volumes ettianol 
are added whereafter ttie reaction mixture Is precipitated for 30 minutes at -70^. 

The ethanol precipitation Is centrifuged fbr 10 minutes at 17.000 g, the pellet Is washed twice with 70% 

25 ethanol and dried In a Speed-Vac. The doutrfe stranded cDNA is dissoh^ in st»ile water and electrophoresed 
In an agarose g^ in TRIS-tx)Fate huffier (pH 8.8) to evaluate the size and quantity of the cONA. 

5 pg of the cDNA are then methylated at the Eco!^ sites by incubating fbr 1 hour at 37^ in 100 pi 50 mM 
TRIS/HCI (pH 8.0), 0.1 mM EDTA, 80 pM adenosyi-methionlne and 40 units EcoRI methyiase (New England 
Biolabs). The reaction mixture Is extracted wfth phenol/chloroform and the cDNA is ^tianoi precipitated and 

30 dissolved in sterile water as de8Grll>ed above. 

5 |ig of the cDNA are then prepared for linker ligation by incubating wHh 20 units of T4 DNA polymerase 
for 10 minutes at 37*'C in 200 pi 33 mM TRIS^cetafce (pH 7.9), 66 mM potassium acetate, 10 mM magnesium 
acetate, 0.5 mM DTT and 0.1 mM each dATP, dGTP, dCTP and dTTP. The reaction is cooled to room tem- 
perature and then 20 units of Klenow Pdymerase (Giboo-BRL) are added and incubated fbr 5 minutes at room 

35 temperature and 5 minutes on ice. After adding 1 0 pi of 0.5 M EDTA the reaction mixture is phend/chloroform 
extracted and the cDNA is ethanol predpitaied and dissolved in ster3e water as described above. 

12-mer synthetic 5'-phosphoryiated linkers (New England Biolabs No. 1 070) are then l^ated to 5 pg cDNA 
in 100 pi of a solution containing 10 pg linker in 50 mM TRIS/HCI (pH 7.8), 10 mM MgC{2, 20 mM DTT, 1 mM 
ATP at 16**C using 4000 units T4 DNA ligase (New England Biolabs). The ligase is then heat inactivated at 

40 70*Cfor 10 minutes, the reaction is diluted to 500 pi In 10 mM TRIS/Ha (pH 7.5), 6 mM MgCl2, 100 mM IMaCI 
and is digested with 1 000 uints of EcoR! (Boehringer) fbr 6 hours at 37^. 50 pi 0.5 M EDTA are added and 
the reaction mbcture is heated at 70t^ fbr 1 0 rhinutes. The healed reaction mixture Is direcUy added to a Bio-gel 
A15M column (20&400 mesh, Bk>-Rad) to remove the monomer linker fragments. cDNA of more than 300 bp 
elutes fn the exduston volume. 

45 

D> Qoning into lambda gtll 

Lambda gt11 arms are prepared by digesting 100 pg of lambda vector DNA with EcoRI (New England 
Biolabs) according to the supplier. The digested DNA is dephosphorylated using 1 unit of Calf intestine Alkaline 

so Phosphatase frcHn Boehringer Mannheim as described. 20-30 ng of cDNA from the Bio-gel A15M column are 
GoprecipBafed fai ethanol with 1 pg of gtill dephosphorylated arms and resuspended in 10 pi of a solution con- 
taining 50 nM TRIS/HQ (pH 7.8), 10 mM MgCl2» 20 mM DTT, 1 mM ATP, 15% po^etiiylene glycol (MW 6000) 
and 200 units of T4 DNA ligase. The ligation mbdure is incubated fbr 2 hours at 16^. The reaction mbdure Is 
centrifuged fbr 10 ndnutes and the pellet Is resuspended In 10 pi of sterile water and then In vitro packaged for 

ss 3 hours at room temperahire according to the supplier (Promega). 0.5 Ml of SM phage dilution buffer containing 
50 mM TRIS/Ha (pH 7^, 100 mM NaO, 100 mM MgS04 and 0.01% gelatine are added and stat^ized vntti 
25 pi of chloroform. A total of 500.000 phages are amplified on 10 YT-plates (15 cm diamter) using 0.7% ageh 
ros&-YT (Sigma) with E. coll Y 1090 cells as described (Young, R. and Davis, R. (1983) PNAS 80, 1194). 
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EScreenlng and selecBbn of clones oontaining TGF-P1. TGF-p2 and TGF-B3 inserts 

Six replica nylon fiteis (Cuno) are made tom each of the 1 0 YT-platBS and the phages on the fiitere are 
denatured with 0.5 fA NaOH, 1.5 M Naa and nmitralized as described in "Molecular Cloning : A Laboratoiy 
5 l^ual" (T. Manlatis, Cold Spring Harbour Laboratory, New Yoric. 1982). The fiitere are i^aced In 0J2 x SSC. 
OSt% SDS at for 1 5 minutes and then prehybridlzed for 4 houre at 45*C in 2 x SSC, 1% SDS, 0.1% ficoM. 

0. 1% polyvinylpyrrolidone, 0.1% bovine semm albumin, 50 n^ NaP04 (pH 6.8), 50 jig/irti denatured salmon 
sperm DNA, 0. 1 jig/hil digo A 12-18 and 10 pg/imi poly A* RNA. Eadh of the 6 replicas is hybridized ovem^ht 
at 45*C in the prehybridizatlon buffer to which one out of sbc different ^zp^abelled 39 bp oligomers (see below) 

10 to a concentration of 2 x 10^ cpmAnl had been added. 

The six oHgomere used fbr hybridization are synthe^zed on an Applied Biosystem DNA Synthesizer and 
correspond to the nucleotide sequence encoding either the first amino acids (oligomers 1 , 3 and 5) or the last 
arriinoacids(digomere2p4and6)ofthematurefiDnrn5(112aminoacid (seeSEQIDNa 1),TGF-p2 

(see SEQ ID Na 2) and TGFf3 (see SEQ ID Ho. 3), respectively. 

IS The two digomere used for the detecfidn of TGF-pi sequences are : 

1 ) 5' GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 3' 

2) 5* TCA GCT GCA CTT GCA QGA GCQ CAC GAT CAT GTT GGA CAG 3' 
The two digomere used fbr the detection of TGF-p2 sequences are : 

3) 5* GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3' 
20 4) 5' TTA GCT GCA TTT GCA AGA CTT TAC AAT CAT ATT AGA AAG 3' 

The two digomere used fbr the detection of TGF-P3 sequences are : 

5) 5* GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3' 

8) 5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT GTT GGA GAG 3' 

40 ng each digomer Is labdied at its 3'end using s^P-dATP and 20 units of terminal transferase (GIbco-BRL) 
25 m a 20 III reaction buffer containing 100 mM potassium cacodylate (pH 7 J2), 2 mM CoCfz and 0.2 mM DTT for 
1 hourat 37**C. The reaction mbdure is gd fittrated overs Sephadex G-60 cdumn. The duted labeBed digomm 
are heated at 96%1br 5 mfnutes and added to the prehybridizatlon buffer as described abova 

The replicas 1 to 6 are hybridized wHh d'^omere 1 to 6, respeclivdy. After hybridization, the fQtere are 
washed twice each with 2 X SSC, 1 X SSC and 0.1 X SSC at room temperature fbr 1 5 minutes. Podtive p^ 
30 are identified by autoradiography and are rescreened by repeating the procedure ghren above until dl of the 
plaques on the plate are positive. A single plaque is duted in 1 ml of SM phage cfilutlon tnrffer (see section 

1. D), 100 pi are added to 1 ml E.C0II Y 1090 cells and the mixture Is kept for 20 minutes at room temperature. 
The E. coll Y 1090 cdls and phages are added to 100 ml YT-medlum containing 0.2% maltose and Incubated 
at 37*Cfor 7 hours. After adding 1 ml chloroform to the lysed cdls» the phage DNA is purffied according to tiie 

S5 method descrft>ed in •Molecular aoning : A Laboratory Manual" (T. Manlatis, Cdd Spring Harbour Laboratory, 
New Yoric 1982). The purified DNA is dissolved In 1 ml 10 mM TRIS/HO (pH 7.5), 1 mM EDTA and 100 pi are 
digested to completion in a totd vdume of 1 ml with EcoRI following tiie recommendations of the supplier 
(Boehringei). The erayme reaction is phend/chloroferm extracted and dhanol predpitated. The EcoRi cDlsIA 
inserts are purified by gd electrophoresis (Ultrapure BRL) using NA-45 DEAE paper (Sdildcher and SchudI). 

40 The DNA b duted in 50 mM TRiS/Ha (pH 75), 5 mM EDTA, 1 M Naa, phend/chloroferm extracted and ettiand 
predpitated. The resulting pellet is washed tmce witii 70% ethand and resuspended in 10 mM TRIS/Ha (pH 
7.5). 1 mM EDTA 

F. Sequendng of cDNA Inserts 

45 

The EcoRI cDNA inserts are subdoned into Bluescript KS^ Vector (Stratagene). The cDNA identity is con- 
firmed by double-stranded sequendng according to the method described by F. Sanger et d. (ig77) PNAS 
74, 5463 using tiie above digomere (see section 1 .E) and a Sequenase kit (U.S. Blochemicals). The nudeotide 
sequence co\fering the 112 amino adds of ttie mature T6F^1, T6F-p2 and TGF^ are depicted under SEQ 
so ID Na 1,2 and 3, respectively. 

Gl AmplgicaBon of cDNA inserts and subdoning into plasmid PGen>-5 

The above digomere (see section 1.E) fbr Identifying TGF-pl, TGF-p2 and TGF4I3 sequences are used 
55 to amplify tfie cDNA inserts encoding the mature 1 12 amino acids fbnns finduding the stop codon). 

The EcoRI cDNA inserts of tiie Bluescript 1^ plasmids (see section 1.F) are gd purged as described 
above (see section 1.E). 50 ng of each cDNA insert are amplified in the presence of 2 x 2 pg of the respective 
two digomere by a polymerase chain reaction in a 100 pi reaction mbdure contdning 10 mM TRIS/Hd (pH 
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a35), 50 mM Ka, 1.5 mM MgC^ 0.05% (w/v) NP-40, 0.05% (w^) Tween 20 and 200 of each dATP, dGTP, 
dCTP and dTTP usbg 5 units Taq Polymerase (Peridn-Bmer Cetus). 30 rounds of amplification ars perfDnmed 
under the following temperatures using a Perkin-Qmer Cetus Heating Block : 93**C/0.1 minutes, S5*»C/0.2 
minutes, 71^1.5 minutes. The resulting 339 bp fragments covering the coding sequences of TGF-pi, TGF-^ 
and TGFf3, respectively, are gel purified and subdoned Into plasmid P6em-^(+} (Promega) digested with 
^kx)l, dephosphorylated with Calf Intestinal Alkaline Phosphatase (Boehrlngef) and fBled in wtth Ktenow 
polymerase (Glboo-BRL). The resulting oonsbucts are designated as pGKM 125 (TGF-pl), pGKM 740 (TGF- 
P2) and pGKIM 126 (TGF^ and are used to transform competent Ecoli Y 1090 celis (see ^cample 2). aones 
carrying the oonect inserts encoding TGF-p1, TGF-p2 and TGF-^ are designated as E,coli Y1090/pGKM 125 
(TGF-pi), EcoJi Y109Q/pGKM 740 (rGF-p2) and E. coll Y1090/pGKM 126 (TGF-p3), respecfively. 

Example 2 : Expression of TGF-pi. TGF'p2 and TGF-p3 In E. coll 

A. General methods 

BacteriaJ strain (E, coli K12) : 

LC 137 : htpR.10, ionR9, lapaB> malan, trpam* phPamt rspU tsx : :Tn10, supCi, (Goff, SA et al. (1984) PNAS 
81, 6647-66S1). 

Plasmlds : 

pPLMu : (Bueli, G. et al. (1985) Nudeic Adds IRes. 13, 1923-1938). This plasmid cames the bacteriophage 
X Pl promoter wnth the phage Mu n^gene ribosome holding site (Van ijeerdam, E. et aL (1982) 
VIrdogy 123, 19-28). 

pdasr: Ha^ld encoding a thermdabile T^gsr repressor and conferring resistance to kananiycin 
(Remault, E. et al. (1983) Gene 22, 103-113). 

SDS ge^electrophoresis : 

SDS polyacrylan^e gel-electrophoresis (SDS-PAG^ and protein staining is done as described prevk>u5iy 
(Laemmli, U.K. (1970) Islahjre 227, 680-685) using the Miniprotean II ceQ from BiORAD and 1 mm thkdc 18% 
pdyacrylamide gels. 

Heat induction 

7 ml of LB-Medium (Maniatis et al. (1982), Molecular Qontng, Cold Spring Harbor l^aboratofy. New Yori() 
in a 20 ml culture tube containing 40 pg of each ampidllln and kanarnydn (Lfi/amp/kan) are inoculated vidth a 
single cdony and incubated with shaking overnight at 30*C 5 ml of this ovem^ht culture are added to 15 ml 
of LB/amp/kan In a 1 00 ml Erie nmeyer flask. Th is flask is transfisned to a 42**C watertiath shaker. A 2 mi sample 
is taken More transfer (non-indudng conditions) and 1 mi samples at 1 hour faitervals after the transfier (induc- 
ing conditions). Cells are pelleted by oentrilugation (5 min, 10.000 rpm in an Eppendorf centrifuge) and the 
supernatant is discarded. The pellet is resuspended In 100 pl of sanrq>le buffer for SDS-PAGE and heated for 
10 min at 95*'C. 5 |il aiicpiots are loaded for SDS-PAGE 

Preparatfon of competent ceils : 

Competent E. cdl cells are prepared by the caldum chloride procedure as described In Maniatis et al. 
(1982), Mdecuiar aoning. Cold Spring Harbor Laboratory, New York. Celis carrying plasmid pdasr^ 9rown 
at 30^. 

B. Constmctfon of expression vectors pPLMahTGF-gl, pPLMu.hTGF-^ and pPLMu,hTGF-B3 and 
expression of TGF-gl , TGF-P2 and TGF-P3 

E cdl Y1090/PGKM 125. E. cdl Y1090/pGKM 740 and E. odi Y1090/pGKM 126 (see example 1.G) cells 
are grown in 13 medium and plasmid DNA is prepared by the method Bimboan, H.C. and Ddy, H. (1979) 
Nudeic Acids Research 7, 1 51 3. 5 |ig of plasmid DNA are cut to completion in 50 pl restrictton huffier with either 
Ned and Sail (pGKM125), Nod and EcoRV (pGKM740) or Ned alone (ip6KM126) fbllowing the recommen- 
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datlons of the supplier ^ehringer). The DNA is precipitated by addition of 5 ^ 3 M sodkim acetate, 100 mM 
MgCi2p5mM EDTAand 150 pi ^hanoL After incubation at-70^Cfbr 15minthe DNAis pelleted bycentrifugation 
at 13.000 g for 15 min in a SS34 rotor in a Son/all cenbfluge* The supernatant is discarded and the pdlet is 
resuspended in 80 pi 0.089 M TRIS borate, 0.089 M boric acid and 0.002 M EDTA (TBE buffiai) oontsdning 0.25% 

5 bromphenol blue and 0J25% xylene cyand. 4 times 20 pi samples ate electrophoresed through a 1 % agarose 
gel in TBE buffer containing 0.5 pg/ifnl ethidium bromide at 50 volts till the brornpheno! blue marker reaches 
ttie bottom of the 1 0 cm long and 0.8 cm thidc gel- The DNA fragments coding for matm TGF-pi , TGF-p2 and 
TGF-pS, respective, are visualized under short wave UV light cut out with a razor blade and electrocuted 
from the gel piece in a Schleicher & SchijII Blotrap apparatus applying 200 mamp for 1.5 hours. The eluted 

10 DNA fragments are predpitated (see above) and resuspended in 20 pi TE. 

5 pi of plasmid pPLMu are linearized by digestion with either Ncol and Sail, Ncot and EcoRV or Ncol alone 
and gel purified as described above for the iiragmentDNAs. 100 ng of the linearized and purified pPLMu vector 
DNA and 3 times the mdar equhralent of the respective purified fragment DNA are incubated at 4''C for 1 5 hours 
in 20 pi of llgalldn buffer (70 mM TRIS/HCI, pH 7.5^ 10 mM Mga2i 5 mM DTT. 0.1 mM adenosine-triphosphate) 

15 contairtf ng 1 unit of DNA ligase (Boehringei). 

1 0 pi of the ligation mixture are added to 200 pi of cold (4''C) competent E. collLC 137 ceils carrying plasmid 
pcles7. After 30 min the cells are heat shocked by Incubation for 1 .5 min in a 42"C water bath. 2 ml of LB medium 
are added and the culture is shalcen for 60 min at 3a'C. 200 pi ailquots are plated on LB plates containing 
ampicllin and kanamrycin and incubated for 22 hows at dO'^C. Single colonies are cultivated and plasmki DNA 

20 is analysed. Subdoning of the DNA fragments coding for TGF-pi, TGF=-p2 and TGF-p3 In pPLMu results in 
plasmids pPLMu.hTGF-pi, pPlJ4uJiTGF-p2and pPLMuJiTGF-p3, respective. Clones confining the above 
constructs are referred to as E. cdi LC 137/pPLMu.hTGI=-p1, E.coli LC 137ypPLMu.hTGF-p2 and E.coli LjC 
137/pPI-Mu.hTGF=-p3, respectively. 

E,ooli LX; 137/pPlAlu.hTGF-p1 , E.coli LC 137/pPI-Mu.hTGF-p2 and E.coii LC 137/pPLMu.hTGF-p3 cells 

25 are hetf induced (see example 2.A) and the expressed pn^ns are analysed t»y SDS-PAGE. TGF-pi, TGF-P2 
and TGF-pS all appear as heat induced proteins 2 hours after heat inductton migrafing with an apparent mdeGu- 
iar weight of approximately 1Z000 D. 

C. Fermentation of transfoimaiits 

30 

Overnight cultures of E. coli LC 137/pPLMu.h.TGF-p1, E. coH LC 137/pPLMu.h.TGF-p2 and EcoB LC 
137/pPLMu.h.TGF-p3 in 21 Erienmeyer flasks containing 750 ml of LB medium with 40 mg/l of ampteSlin and 
kanamycin are grown at dO^'C. 300 ml of the overnight cultures are added to 750 ml of LB medium containing 
antibiotics as mentfoned above In 2 1 Erienmeyer flasks and heated to 42<'C by shaking for approximately 3.5 
35 minutes in a BS'^C water bath. The flasks are then transferred to a 42"^: shaker and incubated for 3 hours. The 
flasks are cooled down to 12^C In an ice water t>ath and the celts are coDected aft^-centrifugation for 10 minutes 
at 8.000 rpm in a GSA rotor (Sorvall). 

Example 3 : Expression of TGF-PI. TGF-P2 and TGF-P3 in Saccharomyces cerevisiae 

40 

The coding sequences of mature TGF-pi, TGF-p2 and TGF-ps are expressed in Saccharpmyces cerevh 
siae under the control of the Inducible promoter of the yeast add phosr>hatase (PH05) . 
The expression vectors are constructed in two steps : 
A constructfon of plasmid pJDB207/PH05-RlT 12, 
45 B. construction of frfasmkJs pJDB207R/PH05-TGF^H, pJDB207iVPH05-TGF-p2 and pJDB207R/PH05- 

TGF-p3, where A) provkies the yeast vector and the PH05 transcriptional tenmlnator and B) provides ttie 
expressfon cassettes with an Insert coding for mature TGF-pi, TGF-p2 and TGF-p3, respectively, under 
the control of the PH05 promoter. 

50 A ConstmcSon of plasmid pjre2a7/PH05-Rn' 12 

Rasmki p31RIT 12 (European patent appiicatton EP 277.313) is linearized with restricfion endonudease 
Sail. Partial Hindlli digestion in the presence of ethklkimbromkf e resuHs in a 1 kb SaH/Hlndlll fragment com- 
prising the 276 bp Sall/BamHI pBR322 sequence, the 534 bp promoter of the yeast add phosphatase PHOS, 
55 the yeast Invertase signal sequence (coding for 1 9 amino adds) and the PH05 transcriptfonal tenninator. The 
1 kb Sali/IHindlll fragment of p31 RTT 12 is doned in to the yeast-ExoU shuttle vector pJDB207 (Beggs, JD. in: 
Mdecdar Genetics in yeast, Alfred Benzon Symposium 16, Copenhagen, 1981, pp. 3BS-389), whk:h had been 
cut with Sail and Hindllh The resdting plasmid containing the 1 kb insert is referred to as pJDB207/PH05-Rrr 
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12. 

B. Constnictton of plasmid pJDB207R/PHQ5-TGF^p2 

5 Rasmid pGKM740 (T6F-^2) (see example 1.G) is cut with Ncol. The stid^ ends are filled in a reaction 

with Klenow DNA polymerase. EcoRI linker (5'-GCGGAATTCCGG ; Bidabs) are ^ded and the mixture is 
Hgated. The resulting circular plasmid is refenred to as pGKMA668 (TGF^) and is cut with EooRI and Sadi. A 

0. 4 kb EooRI/Sali firagment is isolated from an agarose gel, purified and resuspended in sterile water at a con- 
centration of 25 pgAnl. The liragnoent contains the mature coding sequence of TGF-P2 with an AT6 in frame 

10 to codon GOT which defines amino add Ala 1 of mature TGF^pZ 

The PH05 promoter is isolated from plasmid p31RIT 12 (see at>ove) on a 534 bp BamFil/EcoRi fragment. 
Placid pJDB207/PIH05-RIT 1 2 is cut with BamHI and Xhol. The large, aS kb BamHI/XhoI firagmentis isolated. 
The PH05 transcriptional terminator remains on the firagment The BamiHI/EcoRI PH05 promoter fragment, the 
EcoI^Sall fragment coding for TGF-^2, and the BamHI/Xhol vector fragment are T^ated. One conect done 
15 with the TGF-P2 gene under the control of the PH05 promoter doned in an antidockwise orientation into 
PJDB207 is r^erred to as pJDB207IR/PH05-TGF-p2. 

In an analogous manner, mature TGF-pi and TGF-p3 are expressed in S. cerevtsiae. The piasmMs con- 
ta&fiing the coding sequences of TGRpi and TGF^ are pGKM125 and pGKM126, respectively (see example 

1. G). After digestion of these plasmkSs with Mcol, addition of EooRI IMers and i^iatton, the resulting circular 
20 plasmkls are cut with EcoRI and Sail. The EoolWSall fiagments are cloned into pJDB207 as described above. 

The resulting plasmids are referred to as pJDB207R/PH0&TGF-p1 and pifDB207R/Pi405-TGF-p3. 

C. Transformation of S. cerevisiae strain GRF18 

35 Saccharwnyces cerevisiae strain GRF18 (MATo, hisS-ll, his3-15. leu2-3, Ieu2«112, cang, I3SM 3665) is 
transfbmied with piasmkis 

pJDB207R/PH05-TGF-pi 

pJDB207R/PH05-TGF-p2 

pJDB207R/PH0&TGF^ 
30 usSng the transibrmafkMi protocol described by Hinnen, A. et al. (1978) PNAS 75, 1929. 

Transfbrmed yeast cefls are selected on yeast minimal medium plates deficient in leudne. 

Single transformed yeast colonies are isdated and refisnred to as 

Sacchgffomyces cerevisiae GI^18^pJDB207R/PH05-TGF-pi 

Saccharomyces cerevisiae GI^18/pJDB207R/PI^5-TGI^p2 and 
35 Saccharomyces cerevisiae GRF1 8/pJDB207R/PI^05-TGF-p3. 

D. Femientatfon of S. cerevisiae transformants and preparation of cell extracts 

The yeast transfomiants, as mentioned above, contain plasmkls wth PH05 promoter-contndled expression 
40 cass^tes and ther^bre require derepresskm of the promoter for the expression of TGF-pi, TGE^^ orTGF^. 
Tren^oimants are each grown In two successive precultures (1 0 ml and 50 ml) in yeast high P| minimal medium 
prepared acccmling to the redpe of the Difco Yeast Nitrogen Base without amho adcte but containing 10 g/l 
L-asparagine instead of (NH4)^04, 1 g/l L-hi^*dlne and 20 g/l glucose. The eels of the second preculture are 
washed in 0.9% Nad and all the ceDs are used to inoculate 100 ml of low P| minimal medium prepared according 
45 to the recipe of the Difbo Yeast Nitrogen Base medium (witiiout amino adds), but containing 0.03 g/I KH2PO4, 
10 g/l L-asparagine, 1 g/l L-histidine and 20 g/l glucose. The cultures are agitated at 30^C at 180 rpm. 

Cells from 10 ml of culture are coDected at 5 h, 24 h and 48 h by centrifugation at 3000 rpm and washed 
once in 0.9% NaCl. The cell pellet Is resuspended in lysis buffer [68 mM potassium phosphate pH 7.4, 4 mM 
Zmttergent (Calbiochem)]. 8 g of glass beads (0.5-0.75 mm in dl^^er) are added and tiie suspension is sha- 
50 lGenv^rously4^tinriesfbr2mineachonaVorteKMixerlnttiecokLTheceHeK^ 

the glass beads. C^i debris in the extract are sedimented by centrifugation for 5 min at 3000 rpm at 4%. The 
supernatant and pellets are separated and stored at-20*>C. 

Example 4 : Production of dfrneric, bidogicaliy active TGF^I, TGF-B2 and TGF-flS 

55 

The procedures given belowfbr the production of dimeric, biologically acthre TGF-P2 can be applied in anal- 
ogy for the recovery of dimeric, bidoglcally active TGF*pl, TGF-^, and otiier TGF-p-iike proteins*, respect- 
ively. 
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A. Recovery of non^sdublB, monomelic firom E. ooli 

E. ooli LC 137/pPLMu.hT6F^^ cells are femierM as described 'm ocample 2.C. Cell disniptkm and lecov- 
ery of non-soluble TGF-p2 Is perfbnned at 4<^. About 18 g of wet cells are suspended in 60 ml of 0.1 M 

6 TRIS/HCI, 10 mM EDTA, 1 mM PMSF (Phenyl AAefhan Sulphonyl Fuoride), pH 8.3 (dlsnip&m buffer). The cells 
are passed two times through a Frenchpress (SLM In^menls, Inc.) according to the manufacturers Inslnio- 
tions and the volume Is brought to 200 iW with the disruption buffer. The suspension Is centrifuged for 20 min 
at 15.000 g. The pdlet obtained Is suspended in 100 ml disruption buffer containing 1 M NaQ and centrifuged 
for 10 min as above. The pellet is suspended in 100 ml dlsmplion buffer containing 1% Triton X- 100 (Pierce) 

10 and again centrifuged for 10 nrfn as abova The washed pellet is then suspended in 50 ml of 20 mM TrisrtHa, 
1 mM EDTA, 1 mM PMSF, 1% DTT and homogenised in a T^on tissue grinder. The resulting suspension con- 
tains crude monomericT6F{K2 in a non-sotuUeform. 

B. SdubfllzaBon and purification of monomeric TGF-P2 

IS 

10 ml of the TGF-p2 suspension obtained according to example 4^or 4.C are addifled with 10% acetic 
a«^ to pH 2.5 and centrifuged in an Eppendorf centrifuge lor 10 min at room tempeialure. The supernatant is 
chromatographed on a Sephacryl S-IO) column (Phannada, Z6 x 78 cm) in 1 0% acetic add at a flow rate of 
1.4 Ml/min. (Altematively, the chronatography can be perfonned on Sephacryl S-100 HR (Pharmacia) arKl the 
20 column can be nin In 1% acetic add or 5 mM HCI, respecthfely.) Fractions containing nwnomerlc, denatured 
TGF-P2 ehiting between 190 min and 220 min are pooled. This material is used for refolding to get bidogically 
adhfe, dimeric TGF^ (examples 4.GJ.K.L) or for further purification for structural analysis (example 4.D.). 

C. Recovery of monomeric TGF-g2 firom Saccharomyces cersvisiae 

25 

The pellet of broken cells obtained from a 500 nil fenmentation performed as described In example 3.D is 
suspended In 20 ml 4M urea, a 1 M TRIS, 1% DTT, pH 8.0. The iribdure is kept at room temperature for 30 
minutes with Intermlttant vortexTng every 5 minutes, insoluble material is removed by centrifogatfon at 30'OOQg 
forSO minutes at 4''C and the supernatant is adji^ted to pH 2.5 with ac^cadd and diaiysed extensively s^bist 
30 5% acetk: acid ovanight at 4**C. The sdution is centrifuged as above and the dear supernatant is concentrated 
by ultrafOtration on a YM 1 0 membrane (Amicon) to a final volume of 4 ml. The sample is then chromatographed 
on Sephacryl S-100 HR (Pharmacia) in 5% acetic acid as described in example 4.B yielding monomeric TGF-- 

35 P. Further purification of monomeric TGF-P2 by RP-HPLC 

Aliquots of the poded fiactkms from the Sephacryl S-100 cdumn (example 4.B) are purified on a Vydac 
214TP5415 HPLC reverse phase cdumn (4,6 x 150 mra The Separab'ons Group, Hesperia, CA, USA). The 
column Is equilibrated In a mbdure (tf 70% TFA 0.1% in water and 30% TFA 0.08% in acetonitrile. and the pro- 

40 duct is duted by a linear gradient over 30 min ending with a mfodure of 55% TFA 0.1 % in water and 45% TFA 
0.08% in acetonitrile at a flow rate of 1 ml/imin. The duate Is monitored for absorbance at 21 6 nm and Individual 
peaks are cdlect^ n^anually according to the UV absorbance. Denatured. rrK>nomeric TGF-p2 Is duted at21.5 
min. Depending on ttie Individual reverse phase cdumn used for the separation the same preparation of TGF-P2 
Is etuted around 16 min and 18 rrun, respectively. 

45 TGF-p2 fractions are analysed by RP-HPLG using the sanrie cdumn and sdvent system as atxive. TGF-p2 
duted by a linea- gradient over 42 min starting from 100% TFA 0.1% in water and ending with a mbdure of 
30% TFA in water and 70% TFA 0.08% In acetonitrile. TGF-P2 is eluted as a single peak after 30.4 min. Depend- 
ing on the indivklual cokjmn used retention times of 29 min and 29.9 min, respectively, are obtained. 

TGF-P2 is analyzed after admbdure of chemicdiy reduced natural pordne TGF'-p2 (British Biotechndogy 

50 LMted, Oxford, UIQ which has an Mentlcal primary structure as human TGF-p2 (Marquardt; H. et al. (198^0 
J. Bk)L Chem. 262, 12127-12131). The mbdure dutes as a single peak confinning the identity of the material 

E Analysis of mommwric TGF-P2 by SDS-PAGE 

55 IndivkSuat diquots of the Sephacryl S-100 column (example 4.B) or the reverse phase column (example 
4.D) are dried in vacuo and analysed by SDS-PAGE QJmvUl, U.K. (1970) Nature 227, 680) on 15% pdyao- 
rylamide dab gds stained with Coomassle Blue R-250. A single band of an apparent mdecdar weight of about 
1ZO0O D is obtained which Is indl^'ngulshable from reduced natural pordne TGF-p2. 
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F, hMenninal amino add sequence determinaton of monomeric TGFp2 

TGF-^ from example 4.B evaporated In vacuo, dissolved in 25 |J acetic acid and subjected to amino 
acid sequence detenmination on a gas phase protein sequencer model 47QA (Applied Blosystems). 

5 

The N*tenninai amino add sequence is: 

5 10 15 

Ala-Leu-Asp-Ala-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X- 

X-Leu-Arg-Pro 

IS wherein X denotes an amino add not positivdy identified. 

Similariy, the Isi-terminal amino acid sequence is determined for the 4-vinylpyr1dine derivative of TGF-^ 
prepared as descrit>ed by Marquardt. H. et aS. (Ida?) J. Bid. Chem. 262, 12127-12131. 
The N-temi!nal amino add sequence is : 

20 

TheN-traminal amino add sequence is: 

5 10 15 

Ala-Leu-Asp-Ala-Ala-Tyr-Cys-Phe-Arg-l^n-Val-Gln-Asp-Asn-X- 
25 20 25 

Cy s-Leu-Ar g-Pro-Leu-Ty r- 1 le-Asp-Phe-X-Arg-Asp-Leu- 

wheiein X denotes an amino add not positively identified. Cysteine was detennined as S-pyrklyiethyl(^teine. 

30 

Q. Generation of dimeric, biologically active TGF-p2 

3 mg of monomeric denatured TGF-P2 firom example 4.B is dissolved in 140 ml 50 mM Tris/Hd pH 8.0, 
1M NaQ, 5 mM EDTA, 2 mM reduced glutathione, 1 mM oxidised glutathione and 33 mM Chaps (Calbiochem). 

35 After 72 hours at 4''C the pH of the solution is ad>jsted to pH 2.5 with Hd and tfie mbcture Is concentrated 10 
times by ultrafiltration on a YM 10 membrane (Amicon, Danvers, MA, USA) in an Amicon stined ceD. The con- 
centrated solution is diluted to the original volume with 10 mM HQ and concentrated to a fmal vdume of 10 ml 
liy the same method. The predpitate formed is removed by centrifugation at 5000 g for 30 minutes. The super- 
natant contains disulfide linked dimeric TGF-p2 as judged by SDS-PAGE under non-redudng conditions. The 

40 t^ogical activi^ of ttie preparation is measured by tiie cell miration and growtii assay (example 5.^ and the 
cdl growth Inhibition assay (example 5.B). 

Altematively. instead of using monomeric TGF-P2, the S-sulfonated T6F-P2 derivative (example 4.M) is 
used for the generation of dimeric active TGF-P2 by applying essentially the procedure described in this 
example with the exception of the sodium chloride concentration which is iM. Purfficatibn and isdation of the 

45 dimeric TGF-p2 is perfomned wiUi ttie same methods as dimeric TGF-^ generated firom the underivatised 
monomeric protein (example 4.H and 4.1). 

H. Isolation of dimeric TGF-P2 by cation exchange chromatography on a Mono S column 

50 The concentrated solution firom example 4.G is applied at a flow rate of 1 id/min onto a Mono S HR 5/5 
odionn (Phamiada) equSibraled In a mbcture of 85% buffer A (20 mM sodium acetate, 30% isopropand, pH 
4w0) and 15% buffier B (buffer A containing 1 M sodium chloride). The odunrm is then washed at ttie same flow 
fate iGBeping the buffer mbcture composition constant until the absorbance reading at 280 nm has reached 
iMseiine level, followed by a linear gradient over 20 minutes starting upon injection at the equflibration oondP 

55 tions and ending with a mbdure of ^% buffer A/50% buffer B. Dimeric bldogically active TGF-p2 is eluted 9 
minutes after the start of tiie gradient and cdlected manually. As judged by bidogical activity determinatton, 
SDS-PAGE under non-redudng conditions and RP-HPLC no dimeric TGF-P2 was found in the flow through 
fraction. AdditionaOy, no monomeric TGF-^ was detected by SDS-PAGE in ttie dimeric TGF-^ peak duted 
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firom the oolumn by the salt gradient 
L Further purification of dlmerte TGF-P2 

5 Dlmeric TGF-^ from example 4.G is diluted with the same volume of 0.1 % TFA In water and subjected to 
RP-HPLC on a Vydac 214TP541 5 column (4.6 x 1 50 mm, The Separations Group, USA) eqi^ibrated In a mixt- 
ure of 80% TFA 0.1% in water and 20% TFA 0.08% in acetonitrlle. The column Is eluted by a linear gradient 
over 40 min starting upon Injection at the equOibration conditions and ending with a mixture of 60% TFA 0.1 % 
in water and 40% TFA 0.08% in acetonitrlle at a flow rate of 1 ml/mln. The eluate Is monitored for absorbance 

10 at216nm.T6F^iseluted with a retention t^e of 3Z7 min andodiected manually. SDS-PAGE analyds under 
non reducing conditions revealed a single sharp band of apparent molecular weight of about 25 id). The 
obtained dlmeric TGF-p2 is of high purity. 

J. Altemative method I for the generation of dlmeric, biologicaHy active TGF-P2 

IS 

Monomeric TGF-pz firom examfrie 4.B is dissohred at a concentration of 0.1 vngfni in 50 mM sodnim phos- 
phate, pH &0. 2M lOaa, 5 mM EDTA, Z5 mM cysteine, 1 mM <^ne and 50 mM Chaps (Calbiochem). After 
300 hours at 4''C the pH is adjusted to pH 2.5 with 10% TFA Then 30 mg/imi of Sepralyte C-1 (preparative 
grade. 40 ^m, Analytichem International. HarbcH- City. CA, USA), pretreated sequentially with 0.1% TFA in 

20 acetonitrlle and 0.1% TFA in water, is added and the mixture is gently stirred for 30 min at room temperature. 
The gel is filtered over a glass tirit covered with fresh prewashed Sepralyte C-1 (20% the amount added to the 
refolding solution). The gel is washed first with (5 times the gel volume) buffer A(0.2 M NaCI/0.1%TFA/water), 
then wfth a mbdure of 80% buffer A and 20% buffer B (0.08% TFA in acetonitrile). TGF-p2 Is eluted with a mixture 
Of 70% buffer A and 30% buffer B. The eluate Is applied directly onto a Mono S column HR 5/5 (Pharmacia). 

25 Purification and Isolation of TGF-p2 is perfbnned as in examples 4.H and 4J, respecfively. 

Altemativelyt acetonitrile in buffer A and buffer B, respectively, used for washing the Sepralyte 01 gel and 
elution of TGF-p2 is replaced by isopropand. Washing is then perfonmed with a mbdure of 90% buffior A and 
10% buffer B and elution of TGF-P2 is achieved with a stepwise gradient (steps of 2% buffer B) starting with a 
mixtwe of 80% bufl^ A and 20% buffer B and ending with a mbdure of 70% buffer Aand 30% bulferB. Further 

30 procedure Is as in examples 4.ii and 4.1 , respectively. 

K. Alternative method H for the generation of dlmeric. biologically active TGF-P2 

Monomeric TGF-p2 from example 4.B is dissolved at a concentration of 0.5 mgAnI In 100 mM Tris/HCl, pH 
35 8.5, 1M NaCl. 5 mM EDTA, 1 mM reduced glutathione, 1 mM oxidised glutathione and 50 mM Chaps (Cal- 
biochem). After 450 houre at 4*^ the mbdure Is adjusted to pH 4.0 with acetic add, diluted by addition of 7 
volumes erf 20 mM sodium acetate, pH 4.0 and pumped onto a Mono S cotimin HR 5/5 (Phanmada). Ftffther 
procedure as in example 4.H and 4.1, respectively. 

40 L Altemative method HI forthe generation of dlmeric. biologically active TGF-p2 using thioredoxin as a 
disulfide pronK>fa'ng agent 

Monomeric TGF-p2 firom example 4.B is dissolved at a concentration of 0.025 mgAnl in 100 mM Tris/HCI. 
pH 8.0, 50 mM Chaps, 0.05 nng/ml thioredoxin. The mbdure Is Incubated at 4''C for 24 hours. As determined 
45 by the cell migration and growth assay (example 5.A) the yield of refolded dlmeric active TGF-§2 is similar to 
that of the method described In example 4.G. Purification and isolation of dlmeric TGF-p2 Is as in examples 
4^H and 4J. TGF-P2 is separated firom thioredoxin by the Mono S column of example 4.H. 

M. Preparation of S-sulfonated TQF^B2 and its use for the generatton of dimeric> biologically active TGF^ 

so 

Monomeric TGF-P2 from example 4.B is dissohred at room temperature in 6M urea, 1 00 mM Tris/HO , pH 
8.0, 50 mM sodium sulfite and 0.2 mM cysteine. Formation of S-sulfonated TGF-p2 Is monitored tiy RP-HPLC 
using the conditions <tf example 4.D. The retention &ne of S-suHbnated TGF-p2 is 31.8 min. After completion 
of the reaction, tiie pH of the solution is adjusted to pH 2.0 with 1 N HCI. Sulfonated TGF-^ is desalted on 
55 a FPLC "Fast Desalting Cdumn' HR10/10 (Phannacia) In 10 mM Ha. Refolding of S-sulfonated TGFp2 to 
give dlmeric active TGF^ is done essentially according to the procedure of example 4Sd. 

N. Recydisation of Incorrecfly folded TGF-P2 
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Solid guanidlnium hydrochloride and DTT Is added to the materlad not bound to the Mono 8 column of 
example 4.H to give a concentration of 6 M and 5 mM, respectively, and the pH is adjusted to pH 8.5 with solid 
Tris. After 1 hour at n>om temperature the mixture is subjected to RP-HPLC using the same column and solvent 
system as in example 4.D. Reduced nfK>nomeric T6F-p2 is collected, and acetonitrile is removed in the vacuum. 
This preparation is then subjected to the refolding procedure of ^cample 4.G either directly or together with 
newly Isolated monomeric TGF-^ torn example 4.B or 4.C, thus improving the total yield of refolded acthre 
dlmericTGF-p2. 

O. Generation of heterodimeric, bioiogically active TGF-p 

Heterodimeric TGF-ps consisting of two diffierent disulfide-linked polypeptide chains of 112 amino adds 
eadi can be prepared by subjecting equimolaranKXjnts of the two respective monomers to refolding condftions 
as described in example 4.G. Purification and isolation of the dimers Is perfonned according to examples 4.H 
and 4.1 allowing the separation of the heterodimeric form from the honxKiimeis. 

Pfeptlde mapping and sequence determination of monomeric TGF-gl, TGF-B2 and TGF-p3, respectively 

TGF-P2: 

92 pg (6.7 nmdes) S-pyridylett^lated recombinant TGF-^ described in example 4JF, are (fried in an vao- 
cum centrifuge and redissohred In 200 pi 5 mM HCI. 200 |il 0.2 M Tris-acetate buffer, pH 7.8, contairuog 
10 mM Zwittergent 3-12 d^rgent (Calblochem Corporatibn, La Jdlla, CA) is added and mbced with the 
prote&i solution. The deavage is cam'ed out with 2 pg (dissolved in 50 pi water) endoproteinase Asp-N 
(from Pseudomonas firagi mutant. Sequence Guide, Boehring^ Mannheim Blochemica, FRG) at 37^. 
After 13 hours, 50 pi 1 0% (vAr) TFA are added and the mixture Is separated by RP-HPLC on a C4 narrow- 
bore column (Vydac 214TP52, 2.1 x 250 mm) with a Ihear gradient of 5 to 40% (v/v) acetonitrile sn 0.1% 
TFA/water In 35 min at a flow rate of 0. 1 ml/m!n and UV detection at 21 6 nm. The cdlected peaks are anal- 
ysed by pla^na desorption mass spectroscopy as described in example 4.S. 

The comparison of the measured mdecidar mass (in Daltons, D) of tite peptides in their piotonafed form 
(M+H^) with the calctdated molecular mass allows the following kJentincatton : 



30 



35 



40 



45 



Retention 
Time (oiin) 

16.1 
23.9 
25.9 
29.0 
31.2 
32.1 
33.0 
36.9 

443 



(D) 

566.1 
18323 
129Z5 
1307.7 
1320.0 
1421.1 
31323 
34253 

3739.5 



Calculated 
MassMCD) 

564.6 
1831.1 
1291.5 
1306.6 
1318.5 
1419.7 
3131.5 
3424.9 

3739.5 



Peptide Sequence 



so 



DEKR 

NnNPEASASPCX:VSQ 

DAAYCFRNVQ 

DNCCXRPLY 

DTQHSRVLSLY 

DNCCLRPLYI 

DTQHSR\l-SLYNTINmASASPOCVSQ 
DIX5WKWIHEPKGYNANFCAGAC3PYL 

WSS 

DIJEPLmYYIGKIPKIEQLSl«4IYKSC 
KCS 



TGFpi: 

32 pg (23 nmoles) S-pyridylethylated recombinant T6F-pi (prepared sMIarly as S-pyridylethylated 
recombhant TGF-^) are cleaved with 1.5 pg endoproteinase Lys-C using the same procedure as for the 
digestion of TGF-p2 except that the incubation time is 9h and a linear gradient of 12 to 27% acetonitrile in 
90 nu'n is used on a CIS column (N/ydac 2iaTP5205, 2.1 x 50 mm). 
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Retention 
Time (nun) 

9.4 

13.2 

20.4 

34.9 

50.6 

79.8 

87.1 

89.8 



M+H+ 
(P) 

8ia6 

619.2 
1584.6 
1613.3 
1869.8 
2875.2 
4189.1 

3965.0 



MassMP) 

808.9 

617.7 
1583.7 
1611.9 
1868.3 
28743 
4189.0 

3963.7 



Pq)tide Sequence 



WIHEPK 
DLGWK 

ALDINYCFSSTEK 

VEQLSNMIVRSCI& 

NCCVRQLYIDFRK 

C3YHANPCaX5PCPYIWSLDTQYSK 

VLALYNQHNPGASAAPCX:VPQALEFt 

PIVYYVGRKPK 

VLALYNQHNPGASAAPCCVPQALBEL 
PIVYYVGRK 



20 |ig (1.46 nmdes) S-pyridylethylated recombinant TGF-§3 (prepared shnilarty as S-pyridylethaxylated 
iBCombinantTGF^I^ ae digested with 0.4 |tg endoproteinase Asp-N as described for TGF-^ except that 
the incubation time is 22.5 hours and the separation is carried out on a C18 column (Vydae 2iaTPS205k 
2.1 X 50 rnnO with a linea- gracDent of 16 to 32% acetonitrae in 80 min. 



Retention 
T1iDe(iiiui) 



(P) 



Calculated 
Mass M CD) 



P^dde Sequence 



7.0 
8.8 
11.6 

19.4 

36.5 

39.8 
45.6 

77.9 

82.6 



1308.0 
1381.0 
1205.5 
1252.4 
1421.5 
1551.2 
3030.4 

2782.6 
3457.3 

3726.5 

6736.9 



1306.6 
1379.5 
1206.3 
1250.4 
1421.5 
1551.9 
3029.4 

2781.2 
3456.0 

3725.5 

6736.9 



ENCX^VRPLY 

DTNYO'RNLE 

DTfflSTVLGLY 

DTNYCFRNL 

DTIHSTVLGLYNT 

DLEPLTILYYVGR 

DTmSTVIjGLYNTL2«TEASASPC 

CVPQ 

DTtfifOFRNLEENCCVRPLYI 

DLGWKWVHEPKGYYANFCSGPCPYL 

RSA 

DLEPLTDLYYVGRTPKVEQLSNMV 
VKSCKCS 

DTraSTVLGLYNTLNEEASASPCC 

VPQDLEPLULYYVGRTPKVBl^ 

SNMWKSCKCS 



Q. Stwduiai characterisation of monomeric TGF-B2 repressed In Saccharamyces cerevisiae 

Analiquotof the mataiiailnMn e9Gainple4.C is further purified by RP-HPLC as described In example 4J> 
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and the N-termlnal amino acid sequence is d^rmined as described in example 4.F. 
The amino acid sequence is : 

* 5 10 15 

Ala-Leu-Asp-Ala-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X- 

10 20 25 

X-Leu--Arg--Pro-Leu-Tyr-Ile-Asp-Phe-Lys-Arg-Asp-Leu-Gly 

15 wherein X denotes an amino add not positively identified. 

R, Refolding of monomeric TGF-P2 expressed In Saccharamyces oerevisiae and isotation and 
characterisatfon of dimerte TGF^ 

20 Relblding of the monomeric TGF-p2 expressed in Saocharoniyces cerevisiae and isolation of dimeric 
biologically acth^ TGRp2 Is performed as described in example 4wG, 4JH and 4.1 respectively. 

S. Molecular mass of dimeric TGF-p2 

25 An sdiquot of 6 iig monomeric TGF-p2 and of 20 ^g dimerb biologically active TGF-p2 obtained In example 
4.D and 4.1, respecth^ely ^ dissolved In 25% acetic acid, adsoit>ed on nitroceiluiose and analysed on a BIO 
ION 20 Plasma Desorption Mass Spectnuneter (Applied Biosystems, Uppsala, Sweden). The molecular mas- 
ses detemiined are 

M = 12738.0 for monomeric TGF^ (calculated Mass M - 1271 9.7) 
30 M = 25^^2.0 for dnmeric TGF-P2 (calculated Mass M = 25'421 J2 assuming all cystelns as disulfides) 

T. Molecular mass of dimeric TGF-gS 

Dimeric btologicaliy active TGF-P3 is prepared slmflariy to TGF-p2 described In examples 4A 4.B, 4.G, 
35 4.H and 4.1. The molecular mass of dimeric biologically active TGF-p3 is detenmined as described In example 
4.S. The molecular mass found is : 

M = 25'434.0 (calculated Mass M ^ 25'4272, assuming all cysteins as disulfides) 
Example 5 : in vitro activity test for TGF-pl , TGF-P2 and TGF-P3 

40 

A. Ceil migration and growth assay 

The ass^ Is t>ased on the chemotactic activity of TGF-^ on fibroblasts (Postlettiwaite, A.E. et al. (1987) 
J. Exp. Med. 165, 251) and is perfbrmed as described t^ Burig R. (1973) PNAS 70, 369. 

45 The cell migration promoting activity of T6F-pi , TGF-P2 and TGF-P3 Is assayed by measuring the number 
of normal Balb/c 3T3 fibrot>lasts v^ich migrate over a culture period of 22 hours into a wounded nfK)nolay^ 
culture of said cells in serum-free medium (Dulbecco's Modified Eagle Medium, Gibco) containing TGF-pl, 
TGF-p2 or TGF-P3, respectively, as compared to the number of fibroblasts which migrate Into a wounded mono- 
layer culture in ttie absence of TGF-p. 

80 The growth promoting acthnty of TGF-pi , TGF-P2 and TGF^ is determined by the stimulatDry effect on 
celhdar DMA synthesis and ceo dhrislon. This actMly is apparent in said monolayer ctdhires observed undm* 
the light mteroscope after a culture period of 44 hours and Is quantified by either 

(a) counting the number of ceii nudd, in any given field of view, in cultures of said cells grown in serum-firee 
medium containing TGF-^I, TGF-P2 or TGF-P3, respectively, as compared to the number of cell nuclei 

55 counted, In any given field of view, in cultures grown in the absence of TGF-P, or 

(b) measuring the amount of radio-labeOed ^H-thymidine uptake in cultures of said cells grown In serunvfree 
medium containing TGF-p1 , TGF-p2 or TGF-pS, respectively, as compared to the amount of ^H-thymidine 
uptake in cultures grown in the absence of TGF-p. 
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In these dose response experiments concentrations of the completely purified TGF-pl . TGF-p2 and TGF- 
p3 proteins (see example 4J<) in the range of 0.1 to 1000 pg per n^Ilfliter <rf culture medium are sufficient to 
elidt 50% of the maximal mignatibn and growth promoting response. 

5 a Cell growth inhibition assay 

The colorlmetrical assay is tiased on the inhit>itory efffect of TGF-p on the growth of human A 375 melanoma 
cells (Brown, TJ.etaI.(1987)JJnmiund.139,2977).TGF-pi,TGF-p2 and TGF^sa^ 
(1 : 3) in flat l)ottomed 96^ell tissue culture plates (Falcon) containing RPMM640 medium (6it)Co) and 5% 

10 foetal calf serum. Control wells receive medium alone. 1 .5 x 1 0* A375 melanoma cells are added to each well. 
After a 72 hours incut)ation period at 37»C in 5% CO2, the A375 cefl monolayers are washed once, fixed and 
stained vwth crystahndet for 15 minutes. Untxnjnd slain is washed out intensively. The stained cells are lysed 
with 33% acetic add to release the stain (which is confined to the cell nuclei) and the CD was measured at 
590 nm wUh a muKisican-S Channel Photometer equipped w»i an orn^etti M 24 PC tD calculate the activi^ of 

15 the test conQMiunds. Since the intensi^ of staining In each well is directly related to the number of nuclei (and 
therefbre to the number of cdls), fhls technique provides a colorimetrical assay for measuring the anti-proiifera- 
tive effsds of TGFf 1, TGF-^ and TGFf3 molecules. 

Treatment with pinified TGF-pi, TGF-p2 and TGF-p3 overa ooncentralion range of 0,001 to 1 0 nM ihhO^ 
the growth of A375 melanoma ceOs. 

Example 6 : In vivo acfivHy tests for refolded TGF-gl . TGF-P2 and TGF-P3 
A. Healing of Partial-Thickness Wounds in ad Mice 

25 It is recognised that wound healing processes become impaired with advancing age (Grove, G.L (1982) 
Arch. DermatoL Res. 272 : 381) and therefore represent major problems In the field of geriatric mecfidne. There- 
fbre. the In vivo bidogical effects of the refolded active dimeric TGF-ps on the healing of partial-ttiidcness 
wounds (formed by second degree burning) are invesflgated in a partially defident or impaired wound repair 
situaSon, namely in old animala. using the fdlowfng protocd simlar to the one described by Schuitz, G.& ^ 

30 al. (1987) Sdence 235 ; 350. 

Single middermd thermal Injuries are made on the dorsal thorax of anaesthetized dd C57/BL6 mice (aged 
450 ds^ornrare), whose backs have been previousiy shaved and depDOated witii a commercial cream-type 
hair remover, by a single 1 0 second apfriication of a brass template (1 x 1 cm, 8 gm) which has been eqiillibraled 
at 80^C in a water batii. The resulting blister is surgically removed and the bums are treated daily, for 5 days, 

35 witti a topical application of 25 pi sterile vehide buffer solution (consisting of 0.8% w/v Hydroxypropyl cellulose 
in a sdution of 10 mM Histidine, 140 mM Nad. pH 7.4) containing various amounts (500 ng, 100 ng or 10 ng) 
of tt)e refdded active din»ricTGF-p form, or witti buffer solution alone, or are left untreated. All topically applied 
materials are sterile, endotoxin-firee and pyrogen-free, and all mice are individually caged for the duration of 
the experiment Each experimental group consists of 5 animals. 

40 After 5 days df treatment with TGF-§. the mice are anaesthetized, tiie blisters (if present) are surgically 
removed firom the bums, and the bums are photogrephed. Areas of bums ttiat have regenerated epitiielium 
are outiined onto uniform thickness transparent overhead projector fam and the percentage of each original 
bum area that has healed is calculated by planimetiy. Resdts are also compared witti the epithdial regener- 
ation process in young (56-84 day dd) C57/BLJ6 mice witti identical middermd bums whidi are left untreated 

45 for the duration of the experiment 

An example of such an experiment using refdded dimeric active TGF-p2 is shown in flie fdiowing table 
where vdues shown represent the mean and range of group evaluations. 
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Group Animals TGF-pZ dose per %age of ori^nal burn 

incision (ng) area healed on day 6 



1 


Old 


500 


59 + 8 


2 


Old 


100 


55±6 


3 


Old 


10 


46±7 


4 


Old 


Buffer Only 


10±9 


5 


Old 


Untreated 


16±6 


6 


Young 


Untreated 


66±9 



The results of the plantmetrical analyses shown in the above tatile demonstrate that topical application of 
relblded active dfrneric TGF-P2 daily far 5 days In a suitable vehicle buffer stimulates and accelerates epithelial 
regeneration in partial-thlciafiess wounds on old mica in a dose dependantfashlon (Grew ps 1 -3) when compared 
20 with vehicle huffier only or untreated wounds (Groups 4 & 5 respectively). Young mice are apparently competent 
enough to successfully re-epithelialize their wounds in the absence of any topically applied TGF-p (Group 6). 
Histological analyses reveal the extent of the enhanced re-epltheliallzation process togetfier w^ a hyper- 
keratosis of the regenerated epidermis on Day 6 in the TGF-p-treated wounds. 

^ B. Healing of RiH-Thicicness Wounds in Adult Rats 

The biological effects of refolded active dimeric TGF-ps are also investigated in a second in vivo model of 
wound repair, namely on the healing of full-thickness wounds (fonmed by surgical indstonlng) in adult rats, using 
the following protocol simiar to the one descrit>ed tyy Mustoe, T.A. etai, (1987) Science ^7 : 1333. 

so Single, fulMhldcness 5 cm long linear indsions are made vwth surgical scissors 1.5 cm on both sides of 
the dorsal mklline of pentobarbitone anaesthetized male Wistar rats (300-350 g) whose backs have been pre- 
vtously shaved and depOitated with a commercial cream-lype hair remover. In the experimental groups, edges 
of the leftside indstons (as viewed witti the dorsal side uppermost receive single topical appficafions (100 |il) 
of a sterOe vehide buffer (consisting of 0.8% w/v Hydro^^propyl cellulose in a solution of 10 mM Histidlne, 140 

dS mM NaCi,pH 7.4) containing vaiious amounts (2 |ig, 1 pg, 0.1 pgorO.01 pg) of a refolded active dimencTGF-p 
. fonn. Edges of ttie contralateral right side incistons receive corresponding equal amounts of a placebo contrd 
(Bovine Serum Albumin) in the said vehk:le buffer and edges of incistons in control annmals receive vehide buf- 
fer alone in the left side indstons and no treatment in the right side indsions fdlowing surgteal incistoning. All 
topically applied materials are sterile, endotoxin-free, and pyrogen^ree. Edges of each wound are then coapted 

40 witii 5 evenly placed, interrupted horizontal mattress sutures of 5-0 EthDon. All animals are caged separately 
and the wounds are left to heal for varying periods up to and induding 21 ds^ post treatment After sacrifice 
the entire dorsad skin is renKived from each animal and all subcutaneous fat is carefully dissected from the 
underskle of each of the skins using a surgical scalpel. A template consisting of two paraOel surgical blades (8 
mm distance between blades) is then used to excise strips of skin (between suhires on each inciston) for tensile 

4S strength measurements. Samples are taken from one end of each indskm for histdogical analysis. The 
maximum load tolerated by each excised skin sample is measured with a Universal TensOe Strengtii Machine 
Model 144501 (Zwtek, Uim, FRG). Measurements are made on 30 mm x 8 mm strips which are secured between 
hydraulic damps and then stretched to breaking point at a rate 1 0 mm per minute, with the maximum load recor- 
ded on a chart recorder. Measurements are made on triplicate samples from each wound and experimental 

so groups consisted of 4 animals. Breaking strength is not measured on wounds showing evidence of infection 
or excessive haemorrhaging (less than 3% of aO wounds). 

An temple of such an exp^iment using refolded dimeric active TGF-P2 is shown in the following table 
where vsdues shown represent the average ratios of tensile strength between TGF^-trealed wounds and pla- 
cebo-treated woimds at 3 equally spaced timepdnts over a 21 day day time perfcxL 

ss 
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Group TFG-?2 dose per Ratio of Tensile Strength 
incision (ji^ TGF-P: Placebo Iteatmwit at 







Dav7 


Day 14 


Dav21 


1 


2.00 


1.9:1 


1.7:1 


1.4:1 


2 


1.00 


1.8:1 


1.4: 1 


13:1 


3 


0.10 


1.4:1 


1.3:1 


1^:1 


4 


0.01 


1.2:1 


1.1:1 


1.0 : 1 


5 


None* 


1.0:1 


1.0: 1 


1.0:1 



ratio of vehicle buffm' only v no treatment} 



The results of the tensile strength measurements shown in the at>ove table demonstrate that a single topical 
application refolded active dimeric TGF-p2 in a suitable vehicle buffer enhances the breaking strength up to 2 
20 fold, and accelerates the healing, of full-thtckness incisional wounds in adult rats in a dose dependent fashion 
over a 21 day time period (Gioups 1-4) vifhen compared against the control group (Group 5). HistdogJcal anal- 
yses reveal the marked inarease Mux of mononuclear cells, fibroblasts and collagen productkm in TGF-p-trea- 
ted wounds over the 21 day period as compared Id control wounds. A transient hyperkerafosts Is also evklent 
in TGF-p-treatBd wounds up to 1 4 dse^ after the treatment 

25 

C. Wound Chamber Implant Model in Adult Rats 

The biological effiects of refdded active dimerte T6F-ps are also investigated in a third in vivo model of 
wound repair, namely on the cellular ingrowth, vascularization and formation of fibrous granulatk>n tissue in 

30 and around porous chamber implants In adult rats, based on a protocd simaar to the one described by Spom, 
M.B. etal^ (1983) Science 219 : 1329. 

Empty rigki pdytetrafluoroethylene tubes (intemal and external diameters, 10 and 12 mm respectiveiy ; 
length 32 mm), each perforated t>y apporixmately 250 regularly spaced holes (diameter 1 mm) and sealed at 
each end with a removable cap of identical material, are gas sterflized and surgically inserted sub-cutaneously, 

35 u) symmetrical 1ashk>n,throi^h small im^ionsintothedorsalfianksof pentDt>arbitoneanaesthetizedadu]tVVis- 
tar rats (350400 g). One gas-ster3ized tissue cage is implanted into each flank and the indskms are dosed 
with single surgical clips (Cls^^ams Auto-aips, 9 mm) whk:h are removed 5 days after surgery. Following 
surgk»l Insertion the chambers become encapsulated with fibrous connective tissue although there Is a relative 
absence of cells within the chambers themselves. This model provides a sterile, defined and enclosed space 

40 within each chamber where various parameters of a wound healing response can be quantitated. Animals are 
used for experimentation 14 days after vnplantatton of the chambers, after full healing of the surgk»l incisbn. 

At this time daHy injections of 100 (tl sterile vehicle buffer solution (consisting of 0.5% w/v Hydroxypropyl 
cellulose in a solution of 10 mM HIstidlne, 140 mM NaCI, pH 7.4) containing various amounts (1 pg, 0.1 pg or 
0.01 pg) of a refolded, active dimeric TGF-p form are given directly into the left side chambers (as viewed with 

45 the dorsal skte uppenmost). Right side chamb^ receive corresponding equal anrK)unts of a placebo control 
(Bovine Serum Aibunrtin) in the said vehicle huffier. Control animals receive vehicle buffer alone In the left side 
chambers whereas right side chambers remain untreated for the duration of the experiment Experimental 
groups consist of 5 animals. Injections are made once daily for 5 days and all injected materials are sterile, 
endotosdn-liree and pyrogervtee. All animals are indivkiually c^ged for the duratkm of the experiment and are 

so sacrificed 24 hr alter the last series <rf injections. Chsmbers are then removed byasepQc 
technique, and the fibrous tissue from Inside each chamber is^tfet^lveighed. The total serous protein in ttie 
chamberflwd is e^imated using the method of Lowry etal., (1951) J. Bk>L Chem. 1^ : 265. Samples of fibrous 
tissue removed from inside and outskle each chamber are prepared for histological analysis. Steriity of the 
chamber contents is checked by Incubation of chamber fluid samples on brain/heart Infusion plates for 72 hr 

55 at 37*t). Measurements are nc^ made on charobers showing evklence of infection or rejection (less than 3% 
of aO chambers). 

An example of such an experiment u^ng refolded dimeric active TGF-P2 is shown in tiie foltowing table 
where values shown represent the average ratios of measurements obtained fior protein in 5 matched pairs of 



23 



EP0433 Z25A1 



10 



IS 



20 



46 



80 



chambers (jeft v right) from each group of anbnals. 



Gniap TGE^P2 dose per Ratio of jnotdn in matdicd 
left diambo' O^g) chambers (left :ns^) 

Rbrous Tissue Serous Protein 



1 


LOO 


3.0:1 


1.5 


2 


0.10 


2J:1 


1.4 


3 


0.01 


2.1:1 


U 


4 


None* 


1J0:1 


to 



rado of vehicle buffer only v no treatment 



The results of the protein measurements shown in the above table demonstrate that local irjecSon of refol- 
ded acti^re dimeric T6F-P2 daily for 5 days in a suitable vehicle buffer enhances, up to 3 fdd, the accumulaHon 
of total fibrous tissue, in a dose-dependant manner, in Ieft<«ided charrd)ers as compared to the right-sided con- 
tralateral chambers which have received corresponding equal anfK>unts of a placebo protein. A srrtail dose- 

25 dependent increase in the amount of serous protein in left-sided chambers is also observed follovwng multiple 
Inaction with TGF-p2 (Groups 1-3). No differences are apparent between left-sided and right-^ded Chambers 
in the Control group (Group 5). 

On post-mortem biopsy of animals in Groups 1-3 it is consitently observed that the left-sided TGF-p-treated 
chambers are more fbnUy attached to the surrounding connecthre tissue of the body wall ttian the contralateral 

30 rfght^ded chambers that have received placebo Injections. Furthermore, histological analyses show that the 
thickness and vascularis of the fibrous tissue surrounding the TGF-p^treated diambers is markedly greater 
than ttiat of the tissue surrounding the placebo4reated chambers. Sheets of migrating fibroblasts and mono- 
nuclear cells are also e>^entwithin the fibrous tissue inskleTGf=^^4neated chambers. No apparent differences 
are observed in either the thickness or vascularity of the fibrous tissue surrounding the chami>ers, nor in the 

S5 degree of attachment of chambers to the connective tissue of the t>ody wall in the control group (Group 4). These 
results suggest that the diffusion of TGF-p lirom the chamber is responsit)le for the observed differences in 
effect Astenle infiltrate of Inflammatory cells, consisting predominantly of macrophages, is found in the serous 
fluid of TGF-p-treated chambers, whereas contralateral placetx>-treated chamber fluid shows a predominance 
of polymorphonuclear leukocytes. The contents of all 40 chambers In Groups 1-4 shown in the Example are 

40 found to be sterfle after incubating samples of the chamber contents on brain/heart infusion for 72 hr at 37"^. 
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A. Cream 

Ingrcdicms: * t^/^> 

Sorbiian xxiODOStcanue ^ * ^ 

PolyQxyeth^ene sorbitan mcmostBarate 3.0 

Cctylalcohdl 5.0 

Li^i liquid parafBn 8 0 

Isoprppyl myxistaie 2.0 

Active substance, TGF-p-Kke protein 1.0*10 ^ 

Pnq>ylene glycol ^ • ^ 

Glycerin 2.0 

Ddonised water 76.0 

Preservatives and other stabilizers q. s . 

Heat the aqueous phase to 56-6(rC, dissolve the active substance in it, and disperse the melted lifMd phase 
in it by vigorous stirring. Cool to toom temperature and homogeniza 

In a similar manner a cream comprising 0.01 to 20 pg/imi, respectively, can be produced. 
Of this cream 100 pl/cm^ of wound is applied. 

B. Ointment 

Ingredients: * {v/v) 

Sorbiian tiioIeaiB 3*0 

Wax, miciocrystalline 3 • 0 

Lis^t liquid para£5n 9*0 

Isoprppyl myristaie 10.0 

Lanolin alcohols 3 . 0 

Active substance, TGF-p-likc protein 1 . 0-10^^ 

Propylene glycol 2.0 

Glycerin 2-° 



Magnesium sulphate, hydrous 
Deionised water 



0.7 
65.3 

Dissolve the acth» substance in the aqueous phase, with gentle heating, and disperse the solution in the 
melted lipid phase. Cool to room temperahjre and homogenize. 

In a simflar manner an ointment oomprteing 0.01 to 20 pg/ml, respectively, can be prochiced. Of this oint- 
ment 100 |il/cm2 of v^nd is applied. 
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5-20 



20 



7 



0 



1 



mg/ml 
flig/ml 
mg/ml 



05 mg/ml 



The carbohydrate is glucose, man nose, dextran, hydroxyethyl sta rch or a nibdure thereof. 
The pH is adjusted with phosphate, succinate, amino acids or a mixture thereof. 
Vials with 0.05 mg TGF-p-l3ce protein/0.5 ml are made and lyophOised. 

D^xsitlon of microorganisms 

The followiiig microorganisms were deposfted at the Deutsche Sammlung von Mikrooiganismen (DSM), 
Mascteroder Weg 1 D-3300 Braunschweig (FRG) : 

nucnxHgamsmus deposition date accessiim numb^ 



SEQIDI^I 

Sequence Type : Nucleotide with corresponding pofypepb'de 
Sequence Length : 339 t>ase pairs 
Strandedness : double 
Topology : linear 
Source : human cDNA 

Immediate experimental source : E. cdi LC 137/|p)Pl^u.hT6F-pi (DSM 5656} 
Features : from 1 to 336 coding region forTGF^I 



RcoK LC 137/pELMuJiTGF-pi 
RcoK LC 137/5pPLMu.hTGF-P2 
RcoK LC 137/]>PLMuJ&TC3F-p3 
Sacchaipmvces cerevisiae GRF 18 



November 28 J989 
November 28,1989 
Novraiber 28,1989 
Maich 4, 1986 



DSM 5656 
DSM 5657 
DSM 5658 
DSM 3665 
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GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AM 39 
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys 

5 10 

AAC TGC TGC GTG CGG CAG CTG TAC ATT GAC TTC CGC AAG 78 

Asn Cys Cys Val Arg Gin Leu Tyr lie Asp Phe Arg Lys 
15 20 25 

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117 

Asp Leu Gly Trp Lys Trp lie His Glu Pro Lys Gly Tyr 

30 35 

CAT GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC ATT TGG 156 
His Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr He Trp 
40 45 50 

AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195 

Ser Leu Asp Thr Gin Tyr Ser Lys Val Leu Ala Leu Tyr 
55 60 65 

AAC CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC 234 
Asn Gin His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys 

70 75 

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273 
^ Val Pro Gin Ala Leu Glu Pro Leu Pro He Val Tyr Tyr 

80 85 90 



is 



20 



30 



SO 



GTG GGC CGC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG 312 
Val Gly Arg Lys Pro Lys Val Glu Gin Leu Ser Asn Met 

95 100 



ATC GTG CGC TCC TGC AAG TGC AGC TGA 339 
He Val Arg Ser Cys Lys Cys Ser 
^ 105 110 



SEQ ID No. 2 

40 Sequence Type : Nucleotide with corre^nding polypeptide 

Sequence Length : 33d base pans 

Strandedness : double 

Topology : linear 

Source : human cDNA 
45 Immedfate experimental source : E. col! LC 137/pPLMu.hTGF-p2 {DSM 5657) 

Features ; from 1 to 336 coding region for T6F-§2 
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GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 39 

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gin Asp 

5 10 

S AAT TGC TGC CTA CGT CCA CTT TAG ATT GAT TTC AAG AGG 78 

Asn Cys Cys Leu Arg Pro Leu Tyr lie Asp Phe Lys Arg 
15 20 25 



10 



25 



30 



35 



GAT CTA GGG TGG AAA TGG ATA CAC GAA CCC AAA GGG TAC 117 
Asp Leu Gly Trp Lys Trp lie His Glu Pro Lys Gly Tyr 

30 35 



AAT GCC AAC TTC TGT GCT GGA GCA TGC CCG TAT TTA TGG 156 

Asn Ala Asn Phe Cys Ala Gly Ala Cys Pro Tyr Leu Trp 
is 40 45 50 

AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT 195 

Ser Ser Asp Thr Gin His Ser Arg Val Leu Ser Leu Tyr 
55 60 65 

20 

AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT TGC TGC 234 

Asn Thr lie Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 

GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 273 

Val Ser Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 

ATT GGC AAA ACA CCC AAG ATT GAA CAG CTT TCT AAT ATG 312 

lie Gly Lys Thr Pro Lys lie Glu Gin Leu Ser Asn Met 

95 100 

ATT GTA AAG TCT TGC AAA TGC AGC TAA 339 
lie Val Lys Ser Cys Lys Cys Ser 

105 no 

40 SEQlDNaS 

Sequence Type : Nucleotide with corresponding polypeptide 

Sequence Length : 339 base pairs 

Strandedness : double 

Topology : linear 
45 Source : human cDNA 

ImniediatB experimental source : & coll LC 137/pPLMu.hTGF-p3 (DSM 5858) 

Features : from 1 to 336 coding region fbrTGF-p3 



so 



55 
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GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 39 
Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu 

5 10 

AAC TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG 78 

Asn Cys Cys Val Arg Pro Leu Tyr lie Asp Phe Arg Gin 
15 20 25 

GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC 117 
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr 

30 35 

TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC 156 

Tyr Ala Asn Phe Cys Ser Gly Pro Cys Pro Tyr Leu Arg 
40 45 50 



AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC 195 
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr 
20 55 60 65 

AAC ACT CTG AAC CCT GAA GCA TCT'GCC TCG CCT TGC TGC 234 
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 



GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT 273 
Val Pro Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 



30 



GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG 
Val Gly Arg Thr Pro Lys Val Glu Gin Leu Ser Asn Met 

95 100 



312 



GTG GTG AAG TCT TGT AAA TGT AGC TGA 339 
Val Val Lys Ser Cys Lys Cys Ser 
105 110 
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Claims 

45 

1. Process for the producfion of a dimeric, biologically active Transforming Growth Factor type p (TFG-p)-like 
protein or a salt thereof, comprising subjecting the denatured monomeric form of said TGF-p-lilce protein 
to refolding condttions. 

50 2. Process according to claim 1 bi which the refolding conditions Include a sdubilizlng agent 

3. Process according to dalm 2 in which the sohibSizing agent Is selected firom the group coning of a mfld 
detergent, an organic, water-mlsdWe solvent or a phospholipid, or a mixture of two or more such ^ents. 

55 4. Process according to dalm 1 1n whidi tfie monomeric form of said TGF-p-like protein Is produced by the 
steps <rf: 

(a) culturing a nucrobial host comprising a nudeotlde sequence encoding the TGF-p-IIke protein linked 
in the proper reading frame to an expression control sequence such that said protein is expressed, 

29 
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(b) recovering the TGF-^-like protein in a denatured, monomeric, sduble form. 

5w Process according to dairn 4 wherein the monomeric T6F-p-like protein is present as an insolubie aggre- 
gate in the microbial host cells and wherein the process further comprises the steps of : 

(a) isolating the water-insoluble protein fraction containing the TGF-p-like protein from the host cells 
and 

(b) solubflizing the TGF-^ike protein. 
6L Process aooording to daim 4 in which the microbial host is a yeast or a bacterium. 

7. Process according to daim 4 in which the nudeob'de sequence encodes a protein selected from the group 
consisting of human TGF-pi, TGF-p2 and TGF-^3. 

8. Process according to daim 5 in which the insoluble aggregate is sdubDosed at a pH of about 1 to about 4 
IS and in which the resulting monomer of the TGF-p-like protein is purified by chramatography. 

9. Process according to daim 8 in whfeh the Insoluble form of the TGF-p-like protdn is sohjbaized at a pH of 
about 2.5L 

20 10. Process aooording to daim 5 in which the insoluble aggregate is sdubilized with a chaotropic agent 
11. Process according to daim 10 in which.urea or guanldine-HCI is used as chaotnop. 
1Z Process according to daim 11 in which the chaotrop has a concentration of about 4 to about 9 M. 
13. Process according to daim 10 in which a detergent is used as chaotrop* 



25 



14w Process according to daim 2 in which the monomer is sutjeded to refolding condition comprising a low 
molecular weight sufhydryl/disulfide redox system in the presence of a sdubSizing agent at a pH of about 
30 6 to about 1 0 and a temperature of about 0*C to about 37^. 

15. Process according to daim 14 in which the sufhydryt/dlsuffide redox system is selected from the group con- 
sisting of glutathione In its oxidized and reduced form, dithiotfireitol in its oxidized and reduced fonm, p- 
mercaptoethanol in its oxidized and reduced form, cystine and its reduced form, and <^tam]ne and its 
35 reduced form at a concentration of about 1 to 100 mM, wherein ttie mdar ratio of the oxidized and the 
reduced form is between 100 : 1 and 1 : 100. 



16. Process according to daim 14 In which the sulfhydiyl/disulfide redox system is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 ml\4, wherein the molar ratio of the oxidced and the 

40 reduced foran is l>etween 6 : 1 and 1 : 6. 

17. Process according to dairn 14 In which the low mdecular weight sulfhydryl/disuifide redox system Is rep- 
laced by thioredoxin or disulfideisomeFase at a concentration of about 10 to 1000 (igAnl. 

45 18. Process according to claim 17 in which the low mdecular weight sulfhydiyl/disulfide redox system is rep- 
laced by thioredoxin at a concentration of about 50 to 200 pg/ml. 

19. Process according to daim 3 in which the solubiilzing agent is a mild detergent 

80 20. Proces3acoordingtodaim19inwhichtherri3ddetergentlsanon-ionlc,anion]corazvin 

21. Process according to daim 19 in which the detergent is selectedfinom the group oon^sting ofsulfobetaines, 
3-<3-chlotemidopropyt)dinf)ethyternrnonio-1-propanesulfonate,3-(3-c^ 

hydroxy-l-propanesulfonate, digitonin, chdate and deoxycholate ata concentaation of about 1 to 100 mM. 

55 

, 22. Process according to dam 19 in which the detergent is 3-(3-chlolamidopropyl}-dimethyfammonio-1- 
propanesulfonate at a concentration of about 30 mM to 60 mM. 
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23. Process accoidifig to daim 3 in which the solubilizing agent is an oiiganic, water-miscible solvent 

24, Process according to daim 23 in which the oiganJc, water-miscibte soh/ent Is ac^onitrile, a lower alkanol, 
ore lower aDcandlol, at a concentratton of about 10 to 50% per volume. 

5 

2& Process according to dabn 3 b which the solubilizing agent is a phospholipid. 

26. Process accordii^ to daim 25 in which the phospholipid is selected finom the group consisting of phosphati- 
dylethanolamine, phosphatidyichoiine, phosphatidylserine and phosphatidylinositole at a concentration 

10 range of 0.1 to 5 mg/Ml. 

27. Process according to daim 14 in which the pH is about 8.0 and the temperature is about 4<^. 

28. Process according to daim 14 in which the refdding conditions additionally comprise metal ions at a con- 
15 centration of about 0.01 to 100 |iM. 

29. Process acconlbng to daiirn 28 in which the metal ions are Cu^^ or F^. 

30. Process accoiding to dabn 14 in which additionally O2 is bubbled through the buffer system. 

20 

31. Process accc»dlng to daim 14 in which the suHhydryl/disulfide redox system is glutathione in its codcfized 
and reduced fbnm at a concentration of about 1 to 1 0mM, wherein the molar ratio of the oxidized and the 
reduced fomi is 1 : 1 to 1 : 2. and in which the soIubOizIng agent is 3-{3-chldamidopropyl)dimethylammonio- 
l-propanesuMbnate at a concentration of atXHit 30 mM to 60 mM. 

25 

32. Process according to dakn 1 in which the dimotc protein obtained is purified by chromatography. 
33b Dimeric^ biotoglcdily atidm TGF-p4ike protein whenever produced by the process of daim 1 . 

30 34b A monomeric Sulfonated TGF^Ocb protein. 

35. The use of a monomeric, S-auHbnated TGF-p-like protein for the production of a dlmeric. biologically aclh« 
TGF-p-IOce protein. 

35 36. A pharmaceutical composition comprising an effective amount of a dimeric, tMdogically active TGF^ike 
protein produced tiy the process of daim 1. 

37. The use of a dimeric. biologically active TGF-p-like protein in suitable amounts and in a suitably acceptable 
pharmaceutical formulation, said protein produced by the process of daim 1, for the production of a phar- 
40 maceutical preparation for the treatment of wounds and in bone and tissue repair or as a bone marrow pro- 
tective agent or mediator of cardio-protectlon or for the treatment of cancer in a manunal, or for the 
production of an antNnflammatory or immunosuppressive preparation. 

Claims for the following Contracting States : ES, OR 

45 

1. Process for the production of a dimeric, biologically active Transfonning Growth Factor type p (rFG-p)-liico 
protein or a salt thereof, comprising subjecting the denatured monomeric form of said TGF-p-l>^ protein 
to refolding conditions. 

so 2. Process according to daim 1 in which the refolding conditions indude a sdubBizing agent 

3. Process according to daim 2 in which the solubilizing agent is selected from the group consisting of a mild 
detergent, an organic, water-misdble sdvent or a phospholipid, or a ihtxture of two or more audi agents. 

55 4. Process according to daim 1 1n which the monomeric form of said TGF-^^prote^ 
steps of : 

(a) culhiring a micmbial host comprising a nudeotide sequence encoding the TGF-p-like protein linked 
in the proper reading frame to an ^ression control sequence such that said protein is expressed, 
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(b) lecovering the TGF-p-like protein in a denatured, nwnomerip, soluble fonn. 

5u Process according to daim 4 wherein the nnonomeric TGF-p-ince protein is present as an insoluble aggre- 
gate tn the microbial host cells and wherein the process further comprises the steps of : 

(a) isolating the water-insoluble protein fraction containing the TGF-p-IIke protein from the host cells 
and 

(b) solubOizing the TGF-^lkB protein. 

6. Process according to daim 4 in which the microbial host is a yeast or a bacterium. 

7. Process according to daim 4 In which the nudeotide sequence encodes a protein selected ftom the group 
consisting of human TGF-pi, TGF-p2 and TGF-P3. 

8. Process according to dalm 5 in which the insoluble aggregate is solubDized at a pH of about 1 to at>out 4 
15 and in which the resulting monomer of the TGF-p-liice protein is purified by chromatography. 

9. Process according to daim 8 in which the insoluble form of the TGF-p-likB protein Is sdubilized at a pH of 
about 2.5. 

20 10. Process aocordhg to daim 5 En which the in8olut)le aggregate is sdubilized with a chaotropic agent 

11. Process according to claim 10 in which urea or guanldine — HCI is used as chaotrop. 

12. Process according to daim 1 1 in which the chaotrop has a concentration of about 4 to about 9 M. 

25 

13. Process according to da'im 10 in which a detergent is used as chaotrop. 

14i. Process according to daim 2 in which the monomer is subjected to refolding condition comprising a low 
mdeoularwetghtsulfhydryl/disulfide redox system in the presence of a sdubiiizing agent at a pH of about 
so 6 to about 10 and a tempmture of about OX to about 37^. 

15L Process according to daim 14 in which the sulfhydryl/disuifide redox system is selected from the group 
consisting of glutathione In its oxidized and reduced form, dithiothreitd in its c»ddized and reduced form, 
p-mercaptoethand in its oxidized and reduced form, cystine and its reduced fbnn, and cystamine and its 
35 reduced form at a concentration of about 1 to 100 mM, wherein the mdar ratio of the oxidized and the 
reduced fonm is bebveen 100 : 1 and 1 ; 100. 

16. Process according to daim 14 in which the sulfhydryl/disuifide redox system is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein ttie molar ratio of the oxidized and the 
40 reduoedformisbetweenO: 1 and 1 :6. 



17. Process according to daim 14 in which the low mdecular weight sulfhydiyVdlsuifide redox system Is rep- 
laced by thioredoxin or disuHtdeisonrierase at a concentration of about 10 to 1000 ^ml. 

45 18. Process according to daim 17 in which the low molecular weight sulfhydryl/disuifide redox system is rep- 
laced by thioredoxin at a concentration of about 50 to 200 iig/ml. 

19. Process according to daim 3 in which the solubilizing agent is a mDd detergent 

50 20. Process according to daim 19 in which the mild detergent is a non-ionic, an Ionic or azwitterionic deteigent 

21. Process according to claim 19 in which the detergent Is selected from the group consisting of suifobetalnes, 
3-(3-chto]amidopropyl)dimethylarnmonio-1-propanesuHbnatB^ 3-(3^ldamidopropyl)dlmetiiylarnmonio-2- 
hydraxy-1-propanesulfonate, dtgitonin, chelate and deoxycholate at a concentration of about 1 to 100 ntM. 

55 

22. Process according to daim 19 In which the detergent is 3-(3-chIoiamidopropyl)-dbnethylammonio-1- 
propanesulfonate at a concentration of about 30 mM to 60 mM. 
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23b Process according to daim 3 in which the solubilizing agent is an organic, water-miscible sohrenL 

24 Process according to daim 23 In which the oiganii^ water-fniscible solvent is aoetonltrlle, a lower alkand, 
or a lower alkandid, at a concentration of about 10to50% pervdume. 

25. Process according to daim 3 in which the solubiiizing agent is a phosphdipid. 

26w Process according to daim 25 in which the phospholipid Is selected from the group consisting of phosphati- 
dylethanolamine, ptosphatidylchdine. phosphatidylserine and phosphatidytinositole at a concentration 
range of 0.1 to 5 mg/inril. 

27. Process according to daim 14 in which the pH is about &0 and the temperature is about 4^. 

28. Process accoiding to daim 14 In whteh the refdding conditions additionally comprise metal tons at a con- 
centration of about 0.01 to 100 iiM. 

29. Process according to daim 28 in which the metal tons are Cu^ or Fe^. 

30. Process according to daim 14 in which additionally O2 is bubbled through the buffer system. 

31. Process according to daon 14 in which the sulfhydryl/disulfide redox system Is glutattiione in its coddhBd 
and reduced fbrni at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and ttie 
reducedfomiisi :1to1 : 2, and in which the solubilizing agent Is 3-(3Kiiidamidopropyl)dimethylarnnranio^ 
1-propanesulfbnate at a concentration of at>out 30 mM to 60 mM. 

32. Process according to daim 1 to which ttie dimerto protein obtained Is purified by chnmialography. 
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